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Berkeley Physics Course Volume I 


Preface to the Solutions Manual 


This manual of problem solutions is intended primarily as an aid to in- 


Structors teaching from the second volume of the Berkeley Physics Course 
They will, I hope, find the manual a useful supplement to the text, The solu. 
tons for the less routine problems often include some explanation going be- 
frond the bare requirements of the problem, The instructor would be well 
Pavised to peruse the solutions for the more ambitious problems before he 
Ssigns them—if only to be warned of traps which were not always foreseen 
hen the problems were devised, 


‘The solutions were checked by Thomas Knight, who found some errors 


fod made many valuable suggestions for improvement and clarification. (Any 
instructor wi re- 
ade some mistakes in working his own problems is 


pereby invited to do so.) Numerical errors may still turn up. Notice 


ho feels that the morale in his class would be improved if he 
jealed that the author m: 


of such 
fould be most welcome, as would any other suggestion for improvement of 


material in the manual. Please address any suggestions to the under- 


jgned at Lyman Laboratory, Harvard University, Cambridge, Mass. 02138. 


E. M. Purcell 
Cambridge, May 1966 


CHAPTER + 


Ula) electrical repulsion Rw “yr 
Gravitatjenal attraction: fy = Gmr» 
Poot SA K x 
Aee TAE eant 
T make E15 =1, the oecon mass wove! han to 
be screased by the fetr (arc: jt, becoming 
1.86 « 18% 9m. 
| ©) # wot mass were defind by specifying that on 
Masses one cm apart attract each othr With a tiree 
oF one dyna, rhe un word be egurelend a mass 
|h grams m, soek Met amns, or me lige 
|= 3900 am A mars mas migr be ao such inth 
On fhe otir hand, The dyme i talt derived Prim 
the gram, centimeters and second, Ore might mire. 
youll, perhaps, define mew units of both mass and 


Foree by requiring that Newton's second law be 
livin! Fein) ante Seo 


Fm, with a in cmfec, r in em, the 
Unit of mass thus defined is 


vs seston, so thot Covleme's faw reams 
PA amuan = 97 a unit eguivelich h Sye av 
js—caihed far) 


fant Fire. on the postiin charge 
Ferh east, with masritrdes 
Si eyes ae 


GET 


29 
G i 


Vertical componant of force ex- 

> arted by Threat en balloon ts 

fr 4 990 = zdeo dynes 
Yje Horizonte’ component 


# 20 


= aya 22. 
peA i 
270 dynes, t ke belenced 
tame repulsion 
770 = Qe, wth girer 
Q = 1660 eu 


4] The resuitan? Fora on 
‘ona electron dee fo the orker 
two is 292 cos 30" = pe 

É fs 


The anposing Arce arising fran 

Me cevrel charge is eag) 
For fotel force zew we ruguire 
Qa «AF 


Tho equilibrium is unstable, If, with all the other 
chamas held Axed, ane e/ectran were dirplased ovtmard, 
the Inward farce m it From Q would decrease more 
Phan the outward Force from the other tmp electrons, 
Thus a net cotward farce force would arise, fending 
to increase the displacement: 


TE Jæ The force on the positive charge is zero. Thel 


Force or one of Phe negative charges is $ $>, 
22 pe ret ren eal 
= RSE, directed foment the con 

Poretia norog = -E E = 3st 
4) a 2g 
The minis sign indicates that energy mevid have to 
be syeplied to take the system apart the ptirtial 
enecay increases as the distance a is made larger 


2 


Restart force F = zla 
e n 
E constat x 
vane 
TENAR ratlar vet 
Wielding. 4 


Orv} axlerge = 
S accor ore bie 


PARTERET 


mom pd TH Poe 
electrons on the s pi 


X ans unit distance apert. For ay 
locatar af Phe proton. rhe 
Potential envoy of rhe 
system ie 


ae a 


One obvious location meeting the. 
nimh n 


reqiremut is @, 
Pasthn ah the. pusitive x ovis, 


"#2. To loch a 
, wilh paxnd axet 


This he quadraht epogfian 


with roets xaame and xe 
he ttre ovek mist be hioa ws A ep ne, 
Beat Peru br rof and f 
uput @ at xe 2118. OF couse E af xe- 
pathy gmd. ©), 1 tines a curve ta the nn 
M a sintuce af cerolotion annd the oats, m pait 
Te goe in Pe seh of AM ponts whe Pe poin, 
Gor be POSA h give Uzo. The surface laks 
ething lke a prolate elljowid, bof tt tn% 


unt 
n ana 
Kaf. We ace MPH oth 


(als Se ° o 

the array has been built from the left as 
far as the negative To add 

5 requires an amount of work: 


wate egies: FI 
1-4 + 


Suppose 


fon A the next ion 


a positive ton, 
$+ i 
The expansion of In (t+) is 
converging for Heke, Lrtdently 
aboe is just h 2, 

of the per ten, 


; , 
Phe sum ty brackets 


Thus the energy 


chain, is 


1.9] The charge m the sphere of 

radius r is: g= Grip. Hs extemal 7 

Held is the same as if 9 were at 

the center The next shell 0 be 

added contains charge Ag \ 

4 = yrr dr p. The work done ia N, 

bringing p da is therefore 

aw = Tá a GY) dr. 

3 

whole sphere This way requires 
a [Clare GU af The charge in 

w J lpt, Gory gf the chars 


Building p TE 


the werk 


the comphte sphere Is: Q= Yap. Thus the 
potential energy U; which ie the same as W can 
be uv = 2Q Ya. Notice thet Ga has 
the proper dimunsions GrarseP/distance. bded we 
could hove predicted that much of ow result witswt 
caleviati on 


ery then 


Ze 


Ze epul Al 


LIO] Setting He potential ener 
men and solving for 5: 
neg È Tago x755 


°F me E Cara CIT 


= 449 «102m 


| With f given, a is determined by 


A “st aR = @, from 
wink a= Cem Phas E 


| V-au" = .2ar/4ar, yah] N ngh a 
aaaf gi gë] [12 Ate] = 671s 


IME » hha 


| 
| Tjaa 


Hence 


U-av’= Kao Mev 


the point P J 
er R 

VR OT 

stabvolts fem 


pod 
E Gay iF 


ctatvoitfem 


7 (iy 


- oe G 
OF 


E= BaP statvoltsfom, 


LS = oras 

O = tan 12 = 46? 

ø A peint where the Field i zero far lie on fhe 
An's, nearer the smaller 

Be ices wee of the too charger, buf 


condition is L 
e6 ana weg CT T E 
x-6 3 J 


The Fields of the h soreo 
St not anpacite. cheek 


TAR The only point where the 


Zero is fe piht x= 
piht Hb, yao, 2mo 


3J AP the surface of a dap of radias r the 
Fieri strength ie Q/r? With rotorem and 

En 20 stabroltisfem, QEM = Srpg” esu. T 
drap weighs elo oo)" (40n) fpo dynes, o s7 Does 
4 vertical Frik Ey will -sipport the dra if QE, =m3, 
Euli dyas = 1,0 statalt/on 


15? eeu 


Le ae Se 

Of electrons per em is ye ~ 
LIS] The totol amount of negative 
LIS) The total amount hojas 


Gwen that p har the form i ae: 


r= The equiealent member 


Tara 
harga is [mewy 


easi dirermine C 
contain one electronic charge 
(We use e for amt so 

as te avoid confiion mth l 


rhe electron charge @.) Substituting Z= arfa, 


Since [rede = 2, 
me gers C8 To caloyfate the amount of 


sr integrate: only 45 
charge inside 72a, , we mus egr a 


far as 


-9 = 


Feas, or Xma 


arc 


At the radius r=a, then, the field i the 
Central charge +e surraunded by a negative chage 


~o.723e, leaving a net positive charge of 0.677 € 


Z> 2677 = T strhol 


| 7e 


L850 alstribited oer 
[x2 cm of rod (toor-2 \ 
lem is sens of rad) ) 
To make a camplete, mitoomly 
charged ring, we would need 79 
add a acm long rod carryiiy 
The Field 


a chaye 2 asu 
af C wold then be zero. 
Hence, with the gap unfilled 
the field at C must be thot of a nesative 
charge of magaihide 2 csu olistributed anc the 
Jap. Because 2 cmd ao cm, we moy treat this 
Wstibsten as 4 port charge 


(> calelating 
Field if would produce 


ae 
2.672158 staoltfem 


* Ge“) we 


(Gauss's lam). The 
trey Arce of the cube muit be the 
same, because oP symmetry, 


LII] @ Te total Fix G 474 


#lox through 


Hence over any 


ore of the six Faces AUF. an 
Becavse the Held of q 
és paraltel th the surta 
an each of he three ficer 
AB andl, the fur 
Thraleh these Paces /s 
zeo. the Flux through 
the other three facem 
dA tp to 4739/6, because our cube 7/3 
Dre OF IAr Such surrounding g. The three 
faces being ssymmerically Jocsbed with reyo 
B gr the Pox throsah each must be 4g- rg 


Therefore 


21) IF the charge distribution 
has axiol symmetry, so must its 
field. Ẹ must be" radial, and 
| can depend on rony. The 
flix throu a cylinder of radis \ 
Spee r ana length fon is aE, 
T and ly Gavsss law this must equal ` 
qnÀ, where À is the charge 


pr an 
enclased, per unit axish length, So < casa 
yest as if the charge 


were Concentrated an the axis. in cide the hollow 


Enaria AN 
om A io aor detalh 
Em | distribution The charge enclosed by a cylinder of 
is zero. Hene Gao andro ereyihin 
Phe hollow cyhndrically symmetnial charge 
\ E> 1.4m ehtatts 
JNE” <m 


On mhe sphere of radivs r, The Held 
is the same as if all charge inside. 


la 


Phat sphere, which amounts 7 AEA, 
were at The center 


= AC (rla) 
Outside the whok charge distribu~ 
Cion the feld is 


$ 


The totol chorge per ems it apd. Far A (r>a) 
xeo, E, = -2m (tpd) and for xpd z 7 
Ex = am (rpd). More generally, at 5 #8 coatinvous ab rsa 
ai point x, A pat (chare per com te 1%. discuss the continuity of the eleste Ald in the 
Fight of x) tanehage pr corte lef Pi shbwe hood ot the oriai, Mok af at a fnchn 
oF x) e Sys an (aap tan(Toe) FT Ea seo clearly there is no discontinuity ; 
for oexed. B= arr-anpd taepX Thee is no singularity whatever 
go The singularity suggested by platting 
! Ze fike this: NY is spurious, 
Pire is priperiy no negative range ef aKa 


negatire che in 


Resultant 


the case n 


-å 
farce is inwa 
U foe Wa. 
porticles will Ae teeter 
Potential energy is ther haere mdih 
ing a. Partiet U Nes, 
enerpr is Jawirch by increasing a. [An 
tke “this might not mørk if the potential energy 
had a mere complicated etapendence on) The 
Inreparticle distance — Por 

Potential energy of twe particles 
fist Y as a fonction of tre distance 


between them] 


Thus 


negotive U arsere 


Wegatice 


j£ released, because the 


as in implies that 


varied hike 


| since, 
| ringing p the next elemint of harpe Ag 


| stacred th Problem 1g 


| ere tore 2” G z) = 


osSS — 
[L24] AN the charge is on the surface of the pere 
The potential energy, 


the mort repuired te amanah oe 
haye darren, is 
polars 
[tt = 28 


mith charge g PAn in place, the werk dene In 


ls GIR) dg. 
[[wote how thie ditters from the potential energy of the 


where with a wnifarm volume density of charge, cm- 
In that case, Ve FAUR] 
After division inte tws drops of equal rania fs” 
R/25 (total volume consta 


shawnee LA 
oo 


~ 7H E 


The increase b surface area i$ 


-4r R* 
surface eneg (wink 


done in breaking intermolecular binds) 1s 


2 ark" 


= 227k thas the herese i 


E ugfem* x 237 R™ = NIR ergs 


Putting his eguel n the decrease m U 
Ka Re MIR, with 
ima and e'n em, Mth poen m 
Qia I)E ~ 297 xi asa. 
Feld strong is Ge 


OSG on gta 
ig a G 


AP the surtace he 


altetoc 297 statealsfem, 


Field of disk 
(enlarged view) 


Field at center of hole 
hust be 20 ovtward. 


Feld with disk in place 


Consider ‘the complete spherical shel! formed by jating 
eur it 
the feld of P of the alale hemiphere teed a tate] 
component, as dies £/ above, 
the cerreopurding pint P weed hove hon a taal 
component ot the tame sion. That iy E° impl, by 
symm, g, These cannet give Ene when sonrai 
Huna & mat be prperaidar to 7h plane ipanrany 
the" hemisphere 
(22) 


Force on A, perem” : 


two such bowls, The Field inside must be zero. 


The ofher hemisphere, at 


Force on B, per em 
Fom Gavars tans 
r = ang R } 


ga- rano Â 


ute hase fe i 
elomnate Bi A 
a Fanams: 


Ti 
5 
Tate fone on both shake = F(E og) + F lara) 


= (4+ Es- mah) + Gey + 2 rangi) 


Let © be the ttal charge between 
Xo and x=, per om of slabs 


on [pax 


af farce on the slab, per em™ is 


The x component 


sea a aafia 
| Applying Gavsss Jama a thin bar of area j ems 
|, S (X49 ~ E (3) = anpan, 
Fso ares cae 
45 = an 

| =r 
lation welll 

n 


Thickness 
since pdx 
Trem this, 


(4 special care of The divtegence 
meet in Chapter 2), Substituting far p 


é 
f5 a t z = 
AB - l - 


“ax 


| re! 
ls 
| 


The First factar is nothing but q 


Paper fe por 


È E has unite 


And è compmunts arising from 
her serrces, a ps ` 


Thee are Constant Proga The slab, 
Prodecing tree companents fe 4 peir om” ob Shab, 
een simply by So we can state 
are generally, 


and G 
and rg 


Fae Eph 


Parede thane! To see that, think of the cigar- 
EM distribution as being roughly cpulvdent toa conrea! 
cd Me peot charges at zata, Moving then chars 
EM Af avay from me centr alts thet contribirin Oe 
ld af P fram 2a Ah > eae 
Esi i ah SRE 


132] cay H mold not be true hr an drverse-cube law. This 


Se Oe reer bites erah of OS 
Le 


E) H the free low is inverse-squre, the “near” and rhe 
tar pacts of the spherical distribution mote agul con 
tribution Yo the felg at R Tat ig the preat 
amont of chase inthe potion Ñ s a compere 
with is just Ent by its grehe distance, H 
Polls that Air an inverse Cove Firca the nearer 
reins meld damirate. H 54, shrinking the distri 
butin dian to a contra! point, which would move rhe 
nearer pirtlins of tre source Farti amay from B 
would weaken the Held at P We condude: EKE 


p i 
rte 
m ayo +— 


Treating the trajectory ax a straight line Jes travered 
Gt the costat speed Y, the, transverse mumenhom 
coquired during the travicsal is 

BE aef ifr 


7 JP 
Thus the angular deflection u is 
amde „màe ___ Note that 
WUS T Techn Ei 

Ae has the dimensions oP eneg, boi (erusem) a 

Osr apprnimotion is good if wel 


| CHAPTER 2 


| Path O: 


The 


tre neyctive of this, 


g 


2 ra = 
ex = faton «fatos obs 


6 (aay fe (sy) ax 


+ [exyan = + omy 


electric parental 9, M Helin as awa ot (go), ts dt 


ity since m deine giy fect, or 
Rating Parry ci 


= 9 > 450m neighborhood 
OF positive charye 


| bP > = th neighborhord 
of negative charge 


The charges will be uniformly distrib- 
uted over their respective spheres, i this 
spherically symmetrical system. Let's 
relabel the radius af the inner sphere 
as ç, leaving r för the general radal 
cosrdinate. Inside the larger sphere 
the electric field is that of g alone, The potential 
difference fy (peteatiol of the inner sphve 


othe ate) ia og foes 


relative 


J= emra- bron 
J= 2nrx  -agxgo 


9 = grratenor 


Consideracylinder of wnt length, oh 
renee eat an ne 
1s rtp, Aren ef swta ts 


297; AWE through surface is 
amcE Gauss’s lav 
ca low says 
48 (CD), from which, Eu anpr 
[lis a chak, ohewve thet fir >a this canbe EAS, Sime 
Gppreximated as Fallows Beng & cylinder af radis r>a, which con 
ent of charge Tap, we tind 


Bes armory), ar ee axpat 


S pee 
fo) = = - em 
totol charge, 228, on the red. ] 
] = -mfr 


= =mi- arpata E 


- -ipò argatlne 


= -amph + anty in 
5 Y ia 
ran between ya 9 tod Y 
Sat goo ct yno Then fi ocyib, $yle-['% dy 
s 3 
ge — [Camps ranyin 


= ay foay'- aya! = arp (y-y') 


Pery rb, $a on far biyt = 2 G-¥ 


Fir y<0 p must have the appasive sir 


er) 
dp 


[Mote: We could just as well have tiken 


Then p would be fhe Function shown by 


papra (cee By 26, pi) 


axis, $= axe [Fee y] 


(haa) 


To locate this print, we must find y 
such that ara = ane jipii] 
eng for ys 


ys ye aD 


ojiba 


From the geometry of 
fetanedeon anj b 


erial at one corner erron, due 13 all omi 


entre protan, dye to all other 


£) + 1606 #)] « gege 


ly what mwa would gat by summing 
al distinct pairs, as in £918, Chepa) 
bh). uF). hi asao 
t-2)= F-H) = Ef -tssa)~ ~ ir 


NET O « 26 ev. 


we inter that the, 
hward; the 


its potential energy becomiy 
Patice, if the portivts mere Fee to 


| 
=f 


uz 
Eure Toy Ọ | 
— ad —— 7 | 
4 
sume the cherse o ereh sphere 
pokentiol at tre surface of one of me preres Às Weed wa =e 
g=- OH, CA (n tris eyprorimotion). Sdn y ‘ 
cope REALE) Let) [V4 = B(0) + £0) + B10) = af 
Ut Zgi} > ea) + Ble ral Pajeda, = 2-(aren of unit tink) a ar 
B) With Q on me sphere, Usd J 
© ha AR Ved) 
nih) de 8, $ 
W pimal chose emfisectin malad be Met in s ag 
erential envor being trwvthy hwel by an amrat 
4 rat amant of eneas will hare been JAG = RGY) + 9 faxer + 2o 
im ar tr tre Flow of current in Yx- 200-3) + Jorg + Bla) 
RES) osha ce a 
Since vE =O ere exes an £ 
26 22 75 detemir f 
= 24 (orl) « 2 2 Z eer 
eli) Gpo Piae wed ot G from 
5 x -ix = Pied paint, say 69.4), 10 a genval 
EARE OF i Wat %,%,%, over ary meth. Using 
S GA composed of hnes O, 8 and O 
2 25 oe - ? 
wt Sy 


xe) + Plx) epez 


Blote) + $ loro) t- = -f 


% n z 
a ae pis fe Gadde + S60%,n0 +g Gi, y ade 
rysa =o : 


BA) g= +28 


ARYA Ie, of 


met WAS a geneal pohl se we can drop the 
Gots and nite 
eck thot OF = G 


Pye + Gri ey dng 


sig 238 f oa 2y 4 3ye 


© Hm B(x*-2) + 2G) + Baxy 
VrH = x (040) +f (-az-aa) + 2 (ovo) = 
Vil ax ye rax = a 


we 


Wg AB: fg = ~veyrp EES 


Raced Weng co: foas= ev(rear) (rrariag SO 
Bhs = BA fae ay fosion A, ith conten righ a 
z 4 = Cb ggarroarap « agfrv e rlar, var 
derati; baie hr A and ty CARAS = APA fee sear) 
Wing Be and Of mwe gat noming becavre bfae 
pa La aplec ar rar -] 


curve sich as C which consithh of cdinent pers Area of pa 


OG ts ey retort, [pds m0 wera 
é 


th enclosed = rapar 
running in gpporife directions, Thie peth bounds fhe 


aded sirhece P. Hence, by Stokes! aren, 


r, dr 


ma b 
a Fe shieh can be worrn 


frane Be te shh i a ngih nap or aty + 


SAG E NA p H For a rigid bey va wr, with ws constant 
E © to S. [lord jag eo i TOO and corte if) = 2012 
[£ 


(rv) =e, 


Which simply going 
hars been any surhace, se we here conchidia Paths oy pang a es E 
the veche fnctiin WAA) has zeo sutea jater iss F Nata 
over any arbitras Surface, It fellows from a The Kield looke ke this a Sr: 
Gases» merim thet a (prg) =o erecywrire, Apina Pers is a singularity of rae,” at 
18 He divergence were differnt from zeo i any 


Small rien, a sorie surrtinding just that region 


Wepleri thira law (see Val 1 p.289), in the 


Bcf cirewlar motion, is: rier 
would necessarily have a qun- zero surface inreg Ae sieg Mka a 


(of course, we can apply sah an arsumert only toi m 
wel- behaved” Functions.) = mst) FÉ, trum which 


Bey = costed. 2.8 


= constant, 
t vear, This can be writter rym conf 


aa 


[To derive E 39 from Epez: | U=ztfetar 6) 
Possons29, pe- ZP | Al 
“Seostiiuhing m des) n | 
Gie Somber lu. 
Using the identity 979 = 0-(gv9)-(og)™ | 


Us ae feyrae ay 


fipa Gs) 


(pople 


Corwidir the second integral extended over a large, but 
Ainipe, volume V enclesea by a swhace S. According m the 


Jo loeg iar = Sir as 
d $ 


dinrgence harim 


Assume that all soueces are contoid mitin rome fin 
Nyim and ht Dbe a gigantic sphere — 

ot rahis RY sree dimensions r 

H Q it the ret charge, 9, 

whith is -E will vary asymphit- 

ically as YR» as R upendy 

ana 9 will very a Yr. Hence 


Sieg ae 69] 


Yetol charge Q onitormly didtribofed. 
_—— charge i ring of mith ate 
= 4 = QH. Ai! charge in 
RZ. AM chage 
such a ring is oguidistant from 
a point on the axis, se the 
rng bs a 
elene to ese in conpeting 
[ure Amg potential of a 
IK, Aom midpoint. ocot 


ca 
a 


+ 


converiat charge 

the potential at prial pants. 
Jeneral aial part, distri. 
arish af the punt in Guertin: 


$ 


Ñ 
As Sr) 


Hence if we ht Rra, 


[9091 ~ Yes. The area of 


phere sncraass only as RY 


the integral S(prd)dg > 0. 
J 


Therehin if we extend the ingratis over all space, 
The send miyral necesserily gre zera and we 
are heft with tfar 
u = j Jog rar 

apace 
(IF the sources were net confined fa a finite regian 
we covld rut be sere that ay of there mtigrab 
Wool converge. when exterdth onr all yoa 


aln SOE) 
E Gery Kaa oy) 


This charge is distributed between rk and re bye, 


this distance very _ contribution to the potential at the center 

targe compared To Bad) fess than AECE, or gage byt 

t “500 8! , 
Y = £ -P EAE for | grate than E ih Ye trfat 

-ip f SE 7 %76 

minimum ts AU or Ep =o, mhich | pofertiol must fie between the mite (Bi +.30)rh 
i P ; A and C+ Tb; zyr <P< 3.970%. 

= Q4 = 

gree Rg RR- o p= QR The contribution oP the strip To 


Mh this cose, potevial of spre! is The porential oF C is 


z 
=o 


Irm = 2cdx [i (y emp] 
h polar cosrdinakes, ge risinta — art sino cae 7 penn ads pce 
Bil toe S250 ote’ a Gee ao ae arde m% T) < a Infteye)omdx. The covriby- 
cen ba written Q> Iama, Tis shit | hon of the wile hiang q it then 
thet g has SAA symmetry around fhe avis K 

£ | f bnlunodr = eb tn). Then ore fur 


wen triarghs: Pa th(un)ob = aases 


def ay be the aren of the shying Pace 
of the retrohedon. The circolari L 
around this face is obviously egual 
0 +R + ut oe A 
P RIR. Bt BoA, 


equipotentials Field lines 


2.2) Divide the suare ints a disk of radis Ws and 
te Fou p Contribution of disk EEE ar 
YN potential at center is ane($) or mreb AG se aes 
OTN Tote! charge on orei tx ee zo 
Qe rE r= E-E) eA ra, 


e] 


B25] E is a vector described, 
in the xyz frame by the components 
Fx 5 G. Ín the rotated xy’ 
frame the same vecter Is 
described. by The components 

Be G u. We see that 


RAG 


#-2 
Also, 18 F is any scolar field, 


ger: Sal ee 
EA # 


Siritarly, 


Now Hf 


represtats a 

+o oe 

y tS Se 

represent the same But + doesn't, tar 

p 2 

the part DRY expressed in xye courdmotes, 
tums out +o be —¥25, 
ox 


vecro; then GM, TY, 


vecrer, 


-4 


From the result of Roblm 2.4 @), fr a rigid 
body rotating with angdar speed o, The particle 
velocities Ferm a wefor Fidd with |x y= za. 
We may expect the chjo r rotate so that the 
velocity field of the points on its bettum, call it W 
matches the Socal velecity Field of the mater, call À 


1,» as closely as it can. Now 
Hocally, a field of pure rotation + 
is rather pure shear + rotation, 
if pay ores 


ana y, wil bea 


Ye is rot even 
Translatia, IH 
Neverthe kss, 

the difference between w 


field with zero ‘curl = 


jand hat will nat, in general, affect the ratation 
Our condition is therefore simply 


=< Bw fe jay 
= fie ya bh 


of the chip. 
20 = WY, 
F 
At Phe Same time the chip 
downstream mith a velocity 


or 


being carried 
renee 
nh GON pa 


while 


= distance The chip travels 


Parrish seot is there fire eee 


ss au, = 27h 


@) ** 


22D) (wy Explained in the Figure 


Ve vie), 
OV) = 0, implying: Liev) = G Gemt 


Be = (14 area 
Trereasing A from zero reduces magnitude of farce. 


Poisson's 2y, 1s replaced by 
PV -AV = -Anp 
for Yokawa sarees. We hare akeady shawn (Pre. 21d) 
Phat in a surce free regian V satisfies UV-RV= 0. 
Now consider pact of a smee that is small in 
dimensions compared h YA. h tegien The 
okawa Held of The loca) sores Is. indistingñskheihe 
from a Coulomb hield, DU = - vrp 
where Y is the cmPribution of just these serces 
To the potential. Tae mere distant sarees 
contribute Gow V-%G , for which GG-XGa6 
The total Field V+W, Therefore stisPies 
rhe ewation, 
(22) Fir force ~ r 
a rogy 


above 


sphervcal 


PSO We ak cnicevun am 
fhe otegre/ 


ASEE a 
Lite 

Bi cates eRe Hel 
AA icity 


ring “Lave of coses’ 


phere 


je coulel set up the inresa in 
Yindricol coordinates as Fallens. 
YA dv= aerdr ae, 


Atridvce. 


“cage” of 
This will hold & positive particle 
stably at the center, To 
that, recall that the Field would be 
tero ir a fire nr eynine 
With the FF farce, as we mave the 

the attraction 

pegatice charges ktt 
the af traction from 74 


negative charges 


see > 
practically 
h the 

positive 
H feels 


cnet 

ace iron. AA 

from. the 

fess rapidly, while 

negative charges on me right decreans ess rapidh 
IP the. totol fore roves 

ee ee A 


on the 


than in the Coulomb case. 
in the Coulomb case, 
a force must arise directed batkward 
Toward the center For F~ TO use a cage 
af positive charges tt held The positive charge, 
and The argument just given. 


aero 
h this case 


vacrables s Atay ther 


Conte 


preide 
2 Lae (soup) fre Gage 
hreet has bem writin at i rhis tom ey h 
plicit that it redves n È times a definite 
YA Pe valve GH H emeryay® mat bx m member 
dent of b. Of comae, w dimensional ryote? vg 
Ved os te the same conchision. a ERP 
the tam chargee from bps 


crs 


Naw the mark required 1 
nite saperstin h te Phe 
we inm jut efs, therehare, if 
Bie 18 the coret formala fr the frod toe 
stthsive at “honeys K 


MEDS te met hare the vake > Convey 


He integral 


an evaluation of the integral with that resslt werld svia 


establish the field tnuyy formula fir two charges, and 
thence, by superposition, far any system of charges, 

UE one has 
is a better way fo 
variables 


Ye evaluate an integral af thir cart, there 
set it up, wsing R, and Ry as the 
Consider the ring-shaped rele element in 

the igure below, fts cross section is a little parellel- 


gram of altitude AR, 


a 


and base 


ICHAPTER 3 


Ey 
he appresichle change. 
in fld ost here. 


E 


distre! \ 


~ Tatal charge inside this 
egion iS THM G 


BZ] The hree on a 
price) covily tx gi 


nything ovtside. 
pbtributed 
e same goes for 


i zero. The field inside rhe 
h 

© independent of y 

A Chorge =p, is uniformh, 


over rhe conducting surface. À 


$ 
he: radioa, oP Phe’ ring 
hike dr 
K, AR, (R, ain ut $420 = Èr (lawet ses, 
46 de (ranean) or as = $ a) 
Be 


Thus the volume 


is 


si m A BARA, and oor integra] 


TEE-BJARAR Buh hile de on sweep 
ARE 

out all space? Hold R, constant, &<b and let Ry swe 
aver he spherical shel] bebtin Rand Rede, 

Then R, gues frm b-R h be, 
Por R, >b, 


4 


R, gres frum nb Rob 


far, 


ber, 


(Rage aR (Ros ReB)AR, 


Since the total charge an conductor A is mro, a 


haye of amount yeg must be distributa over is 
rerna! surface, H Jq were absent, the Held ode 
tA symmetrical, radial HUA, Eu 
ae the Fil of a print charge 
cated where center of the phere & xard. The 
Plvewe of 44 pill slighty alter the distributian of 
On A, but mithoit affecting the patot amon, 
Py the farce om gy will be 
UBER). The Force on A must 
Precisely egual and appesite 
Pr crach valve 


of Phe farce just given, aliit), and 


Arce thet would act on if the ftoi char 
feck min A mre sere] F 3 


would be 


P the force om 9, 


ef the force on yi the 


eniliom field insine, 


4 


} 


RAF poe 
The integral is now elementary I 


equal and opposite to 
The Field in Fy 21 (a) 


[anajn al 
[rae Pox Aram 


[em enn pi 


Kra 

Using EGS F and 9, p98, me determine R so that 
hoff of ~Q, Th indatA cherge on The plane, 

We cin of 


close-up viw 


radis R 


T 


or Reh 


contained within 
y3 

Arar. 
de 


or Ae Reg he 


-R = farran, = or t 


Then Fo = 

(Bele + ie cage 
Fremen AA 

BAe GS 


“mage 


107 esufem 


= Shag tals 
foo *f 


a 
a 


gre timage” of lim, À= -i erofem 
The tores on the wire, per snif hagi, is thh whick & 
Jie charge in the site of the image wat cane 


fosfo ns = (LB) = 2 a 


Ez on an F 


2118 dynsfem 
Cdunwsr) 


(eer ont be 


a af wie da te map 


a] Given: GtG 10 esoo 


E,= ang 


T 


Era n z 


‘Bem 


since rap and bottom plates are at the same 
potenrial E-Sem = E,-8em. , or £07 = Pa 
Geo 


SG -8 a= 0 


=/0} Solving Yor G ano 


Planes peperaiculer to paper, 
P=o at every point on these 
Avo planes, because for any sch 


Print, ZA iao, by symmety, 


The method wont merk unless 
Om nW, Noan integer Me have 
divide space. info an even number of similar 
erde- to have an alternating ring of images. 
Peer’? work, Br exemple jas S 


wedges, 
- 
for aema" 


The second student 
calev/ates as Follens: 
o 


initial condition 

Iran = J38 
3 

Carec? anses nt. Mate Het if te real charges, @ and 

=Q were pulled pact symmercically, the total wark dane weoldl 

be Oph, but the agency moving G urla only sippy hall of i 


Wore dine 


Ths the 


opr a i barca j V'a 30 cols 

VEe) = 30(18" 4 c) 

Leray shred initially: LAV 
Energy lost: £GW-V) 


asa joule. This energy 


Was dissipated > the resistance m rhe ciei} and 
To seme extovy pechaps, in electromasnetic radiation. 
H toe cirwit resittance is fairly lent, as it mech 
ordinarily be, the transfer sE charge From 
AC, is oscillatory, and rh lower the resistance, thi 
longer phe oscillatory current persists. 


zap 


= 
ry 
ne Su = al 


shold be approrinotesy 7, 
capacitor of arte 
Are (oer XLS) and 
Plate sperstion A-F. 

we vse for P Phe gemete mean e 
oguielnce is exact: 


the capacitor 
% a Plat -plate 


E Rer 
egivalint 


VN 


ant R, the 


C as calculated abo 


radius aP earth = iari om 
1 pt = Grd )rti* em © 92108 
P 


31S] mha stered onoyy s48 
constant Q. the ergy decreases 


aa 


Jt is clear Aram 
that Cis either 
minimum when the 
To decide 
Tae innr gohere 


heres are concentric 
imagine 

intil it almest torches the eter sphere 
the Rtt half of. the inner sphere 


h tee cepaitan than the 


he puritim shawn, 
povisvsly cantribufer more 
ght Aalf, and as so. tis 
m emer Cf 
F This is nok a vigorous prost that C it a 
The but it it isnt 7b 
minim at sume intimediate cation, 
M the centet pt ‘im 
y Pt a minimum bn 
and therefore unstbk egu'~ 
Anuther argument confirms his 
Charge distribution changes as 
conductor is moved off centers 


Conterduin 


resse, Se aceea stedily as 


inumum Ar cerol pesition 


wst have a 
hich seams hishly unlikely, 


enegy an 
rm position. 


[aside hew the 


charger cancandahed 
E Tm aaae aA- 
afari nre” tie $6 
Jeti mer e itp 
PE con olan, in tech Wad C grams hinir fa Teh) 


Ba ferara 


cage ia chae a fore 


| 


Force on ane plahe = ZE raroa = 


L (12) 7 dynes 
as He 
H plates came tagetner while charge remains 

Is congtont and mak thet 


corstant, then farce 
= LEAS = LE (volume 
gph (volume), 


dine Fs = 
677 tam 8) com) aam erys, E mrgy aripa rhe 


B Dapa charge @ amened wit ix 
AY 


AYIN 
è X 
bk 


gro 


can be ts 


a tniform snech of 
density ba 2. This 
charge on each piae, 
Ganda. teh g 
k jar Q smere ovt 
and 6. is @, smeared ot 
L mes 
Fal © smeared oot 


‘Ares A 
But from Gavss's law, Oz» E; fan 


and A = Bilan, Also, because the rao plas ace at rhe 


same potential, Eb = E, (5-b). 
Sa ti 
a7 5 


Therefore, with doe mgar 


stine) ~ distance™ 


A 


G shtan fe = y 
Temy 


bane 
E, 
amrat? = 2 gn 


fang ne 


BIT image” crarges are 

Of he ether geen comer 

WP the cibe af sida oa, 
iprun the symmetry It 
brio Phat the arection 

gf the resultant force on 

lq i parailel to mne "body 
dlageral"0Q. Hence we need ¥ 
aré onfy force conmun- 
vr in Phat rection 


œ 7 regetive charges af distance adj 
dinchian maris ange calg wir OQ 


oy 
e + IO 
Gap NFR 


re (Pansard origin) 
2 positive charges at distenge AITA j direction mates 
angle coi YE wih 04: 

EF-s, F e EE 


Ëra aia 
Ñ) / negatie charge ot apposite commer; distance liad. 
(tawara origin) 


Canty fom orsign) 


Pwned origin, 


> T [AF the same time, an amount of charge 
= AQ = MyAC Flows into the capacitor, The boftery 
a Js | © Penty dos mrk, Mh ament gag = grac 
This is twice fhe increase in stored energy in 
Maa Se N e field. The difference i the work done 
eal eal eMchoiie pinine skace AIAN lnt tine araa. Meee Cae 
firmy distributed, along eylinder, Then Fld E is ZE etarmen athe ot ig cylinders, That inp 
That of an axial line charge of density X= Q/L ee 
Se Penge e a Le ea) 
ge — = 
a aren - k irae an [Park dave apa 
E tartes >ra f E] 


Hene Fal = ZRZAC from which we gf 


PE his is 7 
IRE Thie l a gurte guneral 


af: 
ag 
WR bf = a> and feu e000 valten 15,7 sreth 


t b-a ka l a4: 
AEKA ih z G famula. m He care ct hand <6 


ara of the inner cylinder ank b-a is the 


plate sepamtion, so this is just whet we masid 
ing mhe Formula far The parallel- plare 
seh using mhe formula far Ñe parallel- p Bs Aad ethet di not goei the accuracy of Mos 
ao k nenti, Far tre dummen displacemeat oh the 
GY Cosmas ha Sie) chacgt Cr inae faves the end feeds thumiines inalteredy 
involved in a downward displacement Gey Instar the region where the 
s YA & nicely yinarical That i, we 
by al, of the inner cybnaer. The yo A 
ia enas tes, AA Gi tehy ignore the end Pelle in af 
EEE tenet prs fadl, enn when toy wedd 
= shy EF | Bee afer O alf. here thakss 
eciain of the Force just calcula 
With constant potential differ tn the vy ook Felt thf wet 
‘i j at wr 
Pu, Pe arared electrical ney aht ME eent us 10 inme, fr it &s only 
40g? srerenses ty ag? ee ar we nd retical come 
brs of tay eltro Held, 


4 MWE ha 
H pa AUSH IH dynes 


is 


Capacitor 


tanar GE Aire 


Marce ce on ot 
Sindee Bak 


ys system, 12 exactly sphericol. Ne now hort the 
CETA j tion for a paint charge Q in the vicinity of 
charge Q at arigin; Ja conducting ohera mamtainid at zero potential, 
negative charge —9 [mat is, gren a chase Q facoted distance d from 
eigedl pee 

Lahk ek 

pice potential J = 0 

pe sia 


Solving 


1% = 8b-%) , þe simply replace the phen by the port charge -g 
Pro at xa if Pe Cisht p: ME Mant Kae and Ris giver, 
<0: Selena fr x, o fam Rem E we haver 


aes 
A tie meting Pn and ma mil hare okela Hm Xu AIE wa hare, 


at Xm 


Kit Xa ég [z e zL - 
Slay a) - Z 6) Ta the sym are we can add, witha vioiating the 


. ae: E lprenaiary conditions on the field at the surPace of the con 
Mis radies is: Ra TaT m Keg i)a- xE 


z CR ferny phere, rhe field ot any punt charge: gf 
We want te shom that if xy is o poist on this sphere Oord at the cenre of the aphere, The spherical 
surface “remains an equipotential, but wi Peo, 
M50, P will be nero ertcywhere on by ca yes D =R, Ter Phe ret charge in the 


sphere, I ty i m the cich of radias R in hendgphere is aero 
G-x Aya R, the equation of the circk. 
Poa Iyo o XÈ SARR 
n rat 
= gp- 2). ER 
na ETF 
Tus n. 


Eguivolent system: 
= Seru -ps -cesu 
b arem 
$ suroltfem 


g -4 =0 , proving that this sphere îs a = Z stafrdfem 


upotentiol, with P=0. No othar equipetertiol surface, in 


| a 
7 G2 consiier the potential 9 Pr 
fa angle ine charge of density 

Ah esufon, de 9mo ot 

rag. Then mee g= BE, 

Phe potentiel at a distance fp 

from the line is 


Jaz 


a 


With twa line charges acated as 


shown, 


= Ah, 


2) ly Ke 
h 


Pu 2r ln 


constant defines 


Nov to show that Ẹ a circle 


Ler Be Kamas phe (ax eye 
teams p= [lem ay] 
Rte yr a Be 


E-k 
which reduces to 


A cich of raais P, centered at x=b, yao has 
mian gs ay = abara Dap oe 
which ts the same as te preceding equation if we 
bu Ber 

me 
ll applies in the right half-plane, where ahh >i 
ha the MPE half plane Rinki and pco 


Xe and Fabex. 


take This 


Ba = ky 5= KX The potential function 
E PS5 Gee atcivarion of ERA, p34), 
[4E Phe eguivotential surfaces are cylinders 
f hyperbolic crest section 
Pr could produce a gerd 

rovimatian te This krel 

De Central regian, by 
four Jing metal series, 
hred A crasrasection, 
piterneting h potent ia 


Then 

494, = AE, + AL, 
Ge ORE? 
argument, Gi A +4) i 

Ca Cuf, ana here Qe -EA 

Ao Ths Qe A 

5 ve as 

Sot mith Hh ana x drterehensed will svi. 


-á 
fs 
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Hence 


Cleerhy a rilar 


B26] Gy carrot be pastire. Proet: sirewe (E28) gas, 1h) fst + EY PH 


G>0 and all other potentials are zero. At es i ETE ER 
S 4) = PURA) -JA LI PM 
) = Id) 3 4 EN,- PRA a 


mo point in the pace between the conducdirs 
can Me potentiol be <0, Tor cfrerwise we 9(%, +h, 2) = FO YP) + 5320 4 LE 4 Be A 
would have a potential minimum in empty tte. FC 
space, There fore, ak every poit an the surhace Me arerage of the sx valos of 9 is 
of every one of fe conductes at aro potential! [chiny + SR BB) aM de] 
The outward potentiel gradit must be zero or | | 
positive, Bet This means that the surface [F VPS, we are lett mite Fo Pune) 4l) 
charge density is zero or negative, Hence The pe i 
Total charge Q) on each such conductor must be [BIO To find the capacitance per em kngth of capocitors 
aeo er negative, Qu GR, so Glo. Poe Pater tvlt af inne tute, uo at are tb, 
in Figure on page 418. Assume side of unif grid 
a simile argument, Pe charge on z Wh gri 
yaks; SOU Gat a 7 The surface charge density on fhe amir 
The onh conductor at positive potential, must of the outer fube i $ u eheti ild. rhe 
be positive, Hence Gy >O, necessarily, dechre fald strength at the surface, in any 
vracrids between A ana B can be eshimand 
ETENN NETET s dicated belim RP 
Wf s CE i3) 
Shep ts Ruo: B gees tom 


work “["4 O = iG 


apai defi A goer brim o te Re 
Be s 
darad Mtf atA = hi 


Total work don 


Ae 
[ih Pra! charge between A and B, (per cm length of 
letar m direction perpendicular fo page) ir 


BE CBY pO gn 


Process th) In procesr é) 
Parogo. Hence™expression for ttl werk dont 


H Haag 9 MT 
mut be aR ef Oke + Ghe. Shes be cr 


he fino! star me same and tree is no BES The charge on the whale square is è hint 

Gistpeation of energy h the charging press, uas ES ise 

mork doit must be the same, if energy is 7o id P ~ Feros ~ Oaa Mis 

be conserved, J follows thet Gy cepecitanee, ih cm, pi- cm length of capacitor, 
eotianless number: Matice that $ drapped ah 


“a 


in all Four sections, 


excluding the diagonal boundaries. These 
boundaries themselves fake p zere volume, 


9 dows not satisfy Laplace’ Ey. on Phere 
boundaries, so it canal be the exact 


solutien 


In tact WP is infinite on sect 


termediate spuare, 


regions I, [vg] 
regions TL, le fl~ 


a beundary. tawever fyf] Is not intistelence © 


on any borday, so in computing [ipi de over the whaler 
var, these singelaritier contribute malting. Thos 


v prea = h (e) vme ~ pelene 


aE 


Ste Me know that U’ will ep 


an a 
greater than the U computed fir the exact f, and rince 


On FC, LORE pe on cc gt bre 


Gur approximation te C is thus greater than the trve € 


v Eth. For besa, as in Problem 
and m: Capii. For beam, asin Problem ai 


063}. The more accurate estimu 
Que approximate 


thir gives 
h Prublim 836 gare Ca 0.523, 
Armin aight fo de mare accurate far @-ajab 
th tact, m thot limit I reduces ta the = 


‘parallel plate” approximation, as we shevid 
expect, For b-a is the separation every- “rere 
whire except of the comers and 4(b+4) ie 

fhe artrage perimeter loath, or plate width, Thar Ty 
-g Hom gus Cage tera a sige 

Cat m ge C ~ #68) 


A more Fleribh trial fonction of the same tA 


can be constructed as Fellews 
Ths P hos two 

adjustable parometers 

A constant k<t and 

a length c, the 

Aalf-side of the 


hare now fa minimize U; far giren ha, and b 
adjusting k and c 


set U5 
A =o 


First me hold € constant 
This leads, aftr a hith algebra, 
G-Jra). 
Ie (=a) 


wn gene clete) +06 
aes tae 


the condition k Substituting this 


leads to the conditnn cHTab 


Ye 
approximate formule Ar the 


examples, this 
aso This is chary 


ter Cie, lowe) estimate than the figure o.63t 
frat Fir this cate, wi bag ao CHE and bud, 
the potential surface is mare like | 

the true one — it "tage" in the 
Space between the conductors 


CHAPTER 4 


[4-1] Zteciron current 


density = J aR =I Coe 

Ja = 10H E108 = 4.9018" enjos 
Go nenaon 4Bul 
Lhd 
agg = Tett 


+4001 3 tard 


Tum = 707 Abr! m 2.99 0109 


AD) Tver Aas atomic weight 10h, density 106 gmhmt 


je. of atoms/cm? = 


ih | Free electron per atom f 
eo amp = = gero” 
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AR” engah T 04 mhe 


[4.2] cach omaron makes 8 


Trips per second. charge pasting any point, per secor 


EPE t a C107 esufoce 


Eno statrolts/em 
wda) a 2082 n p ehm 
Current carried by 30 cm wide belt 


Tori e on bast (bon 


with sperd 2000 empe 


Lm ae (BP) heoo «3 Banm aruhe = 04127 millia 


[24] ve = 


Many x, tm = eV eeg 


Vox 
S 


sinea E is emstet Ej- 


Bite and negari 


Le UscsT amp = Sahg, 
wits 


= 4st wun 


Ras shells -pag staaltsje 
x shdewlls 467 stablts/em 
= 4S eswfemrsee 
ve [average molecular 
for air m aP 
(onygensae 
ni trepin: 28) 


27 sec! 


p17, paraat 
Pe Me ALI Teta e 
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am 


as aapa 
= 486/57 9m N, = N, =N 


=, ari" se 
= M, ~ 
pr 2eNr 


where N is fa numberof jons af oe tign, 


= 4 ~ Aan per em? 
ETOT x 
Ẹ remie of molecules /em? at room temperature and 
haphe je kate. azi 
a 
E fraction of molecules fanited (including beth 
dns 


EL) Resistance between epposire 
Sf spre: Re pa . 
SE - 


hmm a 566 ahs 


9.19 1T oh 


‘100, 4 
= ssai 


Re 
ond Ry ous 
Samar 


ESA tF 


= 4.70 10 ohm 


Ra Pa 
A A more power is dissipoted in the iron, 
ant P=I°R 


T ts the same i bom 
hB 


because 


(4.9) IF you asrum Tesistivity of the 

apa constant density remains 
Constant as it is stretched, then yoo shouid eyact 
a alh increase in fength fo produce 

h resisrance of 2%. For fhe cresssectienol 

area musr decrease by ol to keep e volume 

constant, and Ra fikoan, Actually te deasibi 


more power copper, 


V is the same aros doh and Pa VIR 


is dissipated in rhe 


e that the 
ana its 


an icreash 


of an elastic solid dies not remain constant under 
strech. In copper, & 04% increase in length js 
accimpanied by a decrease in Cross-section of 


erly 0.065%. Taking that into account, we might 


easement of RW. Bridgman in 1923. Ts 
prin the change in p one needs a comotie theory 


E10) Consider Fir, 
sistance between the 


The current Flans 
medium of 


conduction in erystale. 


as suggested, the 


concentric 


dially thraigh the 
zistivity P which can be divided op 
concentric spherical shells, all 

The resistance between tre inner and 


ier surface of a shil of radin 1 thickness dr, 


BE Then Roe [phe a 2/43 
st we fee e Alt-A) 


RDG the second tem is negligible Ky = E, 
is shows that the resistance ie conteibeted chiefly 
the central region sercuunding The innet sphere. H 

fe size of the outer bunaary ó unimportant, its shape 
alse be wninpertant In 

Libiem, there fire, rhe resistance 
iwy of the two “spreading resitances” in series 


L. 
2 aa 


the ocean path in tre 


will consist elmast 


Milh ame inches 10m, and pu £ = arein- em, 


= 1027 ohm. To this must be added, of 
E 


completes 


of the 
the circvit 


Pie, condutor in the, nsvlated 


le which 


pect a resistance increase of OHSH rather thank 


92% Buta more impertant, and more interesting 
effect is a change in resistivity P, under tense 
tn copper this change combined with the 
geometrical chanse about doubles the expeckd reri 
kerge, h 0.33% tor OF stehh, as. chown by 


DE diameter 1 fh 
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~ 


AIL] T fnd the input resistance R, reduce me PIE Let P be the power dissipated in resistor Re 
circuit step by step: 
R R 


R= R+ Rr RR: 
RRR FARR RA 


Collecting ferms 


EKRAR Ry enan,- 2RR, (R, + RIE Rs +R R, RR) m 0 


Pir reduces to RR,- RR, 


satisfied, P ie an extremum 
A maximum) with respect te variation of 


the battery hod inernol resistance Ri , i min R, and Ra constant, 
measurements of current value of Ry. A 
eh Ky, Re > R aR, 
ony a second-order 


NL yi 7 
LY -® WY OT Ene thet is, AP ~ (ARI 


Mote that RÈ fe jort the 
- Ree e: 
vb kr Lae Gand R, im paral, As seen by" fy 
[enant voltage source Te and me renns 


R, and Vy 


a battery with 


Ptn-circuit voltage of The bor on the left is 


of the bax on the right is VI Let 


and the shurt~cirevit 


compare 
hett, with, that on tre 
% e, 

Re TRE) 


current Fs 


right, These will be The samel 


if Re This wobfices fo establish the 
aguivalence 
Rk 
RFR, 


RR, 
RER: 


af fhe two bares, and the condition 


for 


maximum pomir 


example of the thesrem of Problem 19 


eJ 


Hobe Epution 


Zs 
I -o 
Iy- Ty Ep 0 
nen- =o 
The first three aputtions are abviealy indepindint far 
Current that appears in neither of 
the other two. IK we add the first Three 
and multiply by d, we yeh the fath 
the mumie sf independent eguctiins is Inre 
Now, apply He Joop condition, 
tose Equatien 
1 RI, + RE-RL=0 
2 Rh -RI - Role =0 


eath contains a 
cguations 
equation. so 


SO RE ART -RyZy~Ryly 
The third equation 
two of the loop equations are 

Lep's tate the First thros 


Is the sum of he orker twa j 
independent 
node egvations and 


only 


je First tuo loop equations as ow set of fives 


L-G- =o Y Using the first thoee te elimin- 
R -G7 7 


ate ana I; 


coe eae) 
= i EA 
G-to 0” 24 te 
RL, + ® I, -R 
ATRL, 

RCI, 
R, (L.-T) 

ellecting tems: fÒ-R -Ri) Zy + (RRR) 4 RZ 0 

CCR AR Ly el 
To~ RRR Re)/d 

Ta T(R Re + RRi AR Re RR YD 
PRR, AR Ra + R Re +R Ret RiR + Ry Re 


R 


rhere D = BR, +R Ry 


= R+ks)(Ra th) + Re (Rok, tRy + Ra) 


«Dest chek on or algebra, et tis paint, Is the symnmerrý 
fae epressins fir D h fact, given He 


without 


Z I, ana i f 

y aibre. Notice that the combina- B 

fins appearing in the nemerater ¥ 
are thase indicated by the dotted 


ecrans in the diagram at rhe right. Then 
each of the ofen sidearm 
Fax IRR, + RR RR RRD 
Ta > To(Ry Re AR Re + RR ERD 
Fi = T(R Ra t Re Re tR Ret RRD 
kct this is what we get by compkring the algien 


[7 Me pecial case Kp 


A Rija ay instant afte to, the power dissipated in 
=k, from which we fins at once Lat Ñ . p 
FR" 73% ORME the resistor ts Pow zag yA tee 
That is just what our formula gives, if we à Re 
S m, at 
st Re <0, total ae 
ie Petal energy dissipated i fhai = fi 
The mast interesting result is the formule, far Pid LPA fE a 
the current in The crass-arm: : 
Ze Z, (RR, -R Ry) 
GG RYR, R) FRR RAR, a I microfarad capacitor charged 
Q= CV = /0f colombs. One election 
Re 1 Aert"? coulumas. fF t= RC Is the 
is said ta be balanced. The Whtatstone Sridyelpine constant, we shall have end ohera nop 
is simply this circuit pith a galvanomerer in = bri 7 i" 
the position of Re, The balance condition is 10°F Antei 
very easy h derive, iP that is all we a prs gives t= 542.3 lg, (br) = 34t o 
Interested tn, Que Formula Ar Ty 7 AlN) aës 
much more j wa con predic? the g 


Is 


Be Be, Ip mil be ze 


f fhe time constant were S1 sec, we'd be din 
“one encro in a little ore half a minure! 


Current in The unbalanced condition 


thus predict tha sensitivity of the brie 


= qaphite: particle, rerghly sphirical 
diameter iem od 


Ga) a 2 Volome a Fd? me osal emt 


ca Mass = atime edenaty tim 
< CS $ (taking densify of goghife ss 2 gf) 


an instrument 


The capacitance of the 


— outline of protin beam crest-sedian 


Isolated box must be roughly haf 
area = arem“ 


of a sphere intermediate bermeen 4 a r 
current a 152 ampe zatr) » Pari eso /ste 


ay ot pratens, copes seee id = Suto Sem™ se 
phere = say 6 om radios, Cz bom me bx (i fara PY Pe empe men EUT spe att 


This abject is acquiring pasire charge at the rate When fhe particle Hirst enters Tae beam, if milf 
oP 15% ampecer or “75 * coulemh/ ve Beet Pretens of a rate determined by the proton 
Men AAD = Leib = garot volke. H ana the particht projected aren TA 
En de = a Znd0* vallsfrn. Patick projecta aren Te 
Potential will rise by 1000 volts in G milliseconds. 


the snscribecl and the circumseribg 


intercepted area 
= aid" emè 


srda End’ = Arjo? protons free. 


energy that has been discipated is (e-Mda 
pce V= Bat any time, the ttal energy 


The initial rate of mcreare of charge A on the partich 
is therefore JS a quos 4,046" = 2 esufsec 

This mill cause the potential ot the particle ta cise 
ta rate We Lag capacitance of 
E ac $ 

The porticle = o54/0* em (same as #3 radies 
AV. tong afd? ETA fice that this ts just equal ta the final stored éneyy) 
at” Fee þh = 10 shetvalts, and C= asup? om we gh 

When the potertiol has reached 2008 volti, or nergy dissipated in particle = LceiSter 


10 statvslts, no more protens can strike Uf The grecific heat of almar tng thing i aint, 
charging proceeded af The initia rate af Aud bathed magnitude 1 Jadefprty or 10 ogs 9m dy, Doo 
This canaition would be attained in 18, = 0025 sefyrticle has a mass (5? 5m, bumping ass ery 
Movers, as the particle acquires “charge it wilt PICA a particle can cause itt remperaree to 
repel some of the protons that meld otherwise [tts af most, by only a few degrees. ` Conclusion 
Wh it, ard the rate of charge collection will particle does oet get hot. 
decrease, The potential will approach its limiting The horizontal farce on the particle must be epel 
valve, m stop volts, asymptotically. But .oo2s sec Ẹ 1e Mate of fess of momentum by the protons 
Yay je considerably (est Than AAEE compote the mitiol momentum of a rke 
D w+ Hime required far the porticht $m mv = ae%ym, so 

J te tall Through the beam; (rae ATIT AeA oisi 

GaP Es a bidy hes velocity Vagk stapwng toum dead. The pear Poradi n 
= RGAE = 100 (m/sec, ft mill travel only 02S mF = jota parang" v £4087 dynes g 
in the Pime ooras sec Conclusions the B horizontal accaleretion 
particle's potential V will be clase to its limit SEH eae 
valve , lo stebvelts, during most of its passage of gravity. 
Through te beam, A © particle acquires its Pull charge CM 

The energy depesifed in the particle mhile it HRD longer catches protans but it dues delak | 

is interepting protons can be found as Follows: BE reducing their forward momentum. So 
Ltt Te = 10 stabuilts = 200 volts. TAQ is the mE is still a force on the purrinte fe ih 
hinati egy of a group of protons mith tatal or smaller than the 


The particle 


initial farce cam- 
chae dA. When these come to rest in a bady at obave? One might guess that it wuld be af 


Potential V, Their potential energy is VAG, and kime orde of magnitude, bot m feed is 


PereLly greater. The situation ts now 


similor to Rutherford scattering E; the Factor fhilm 48 

pr(b 42107) 9 The farce on the filly charged particle 

|; aprono 9 timer the Force on tha uncharged 

wiide Pa pasagi? dynes = AS H/T dynes 

þe correypending horizontal acceleration is qsar hę- 

ting Air OK sæ, roughly Phe time required fu- 

e pactich f Pall vertically Phrough the beam, Phis 

catearion leads fo a parieantal velocity oP IPO ofe 
Clearly it the beam were 
direcked spword, 1t coid 
Support such a particle ~ evin 
A simenhst larger particle = 


The distance of closest approach, head-on, is b 
which is here the radius ob the graphite particle 

A particle which wold have passed a distance | 
from the center, iF Phe sphire were not charged, 
is deflected along the trajectory AB. Ruther torah Nimes The acceleration of ganty, 


shomad that cot(Z) = 27/5 (see Vi Ep vba) 


Since AS +708 em/nc™ js sevem) 


The [oss in forward momentum is 
mamy sE = amy, b 


BaP 
total raje of momentum tran 


Pre mean time between collisions tor an son of mase M 

CE mas na instead oA E h eyt) H mobility 
we hare to integrate over the Bis defined by then ar theary predicts 
of tre beam, If the beam radius is 


ur case) and the j fh Dae a aE 


7 G expect a h vary as Ydersty 
5 fit Serres) = grat bre IE Ae = 50 ent anh woo ian, 


tr the beam, Pre Force on the scattering corde 


Bp vclend values im cot mide are 
= 300451 © 15:20 emina 

This differs From the initial Force on the unch cist A RE 

E In Fact femme M00 = 27° 10" cm etarath see 

a beam of constant density and onlimith crocs E777 

section, the force appears ty grew thhinite. Thi AM a 16502672" 21 e1" see 

kind of divergence ts characteristic oF pure = Lie a 

coulomb scattering. Mh or case, with R i o eaten 

fens and the electrons are in thermal epuilbrim 


em 538 
= 67218 gm m= Ga 9m 


A per unit kength of cylinder 
he hdvced charge on the inner a 


conductor, Simia 
ey seared At: IS Ry) nar an We whe 


[this Follows from the equipactition of kinetic eneyhs — Ag tna tn region I the Field 


img hs 22a > 
IMR im ] i Zia at any radies P and the rise in 


KE the mean fae path, DET ma PM fom csa rror a aa nE n 
Pron T the Feld j Ea fid) and the 
~ 
se in potential coming in fram to rer 


(a- a 
The mean tree paths are about egual. Ony abot fF FOAJÉ. Since the mmr and arr 


1% oF the conductivity is contributed by fhe pasitinpleetrsdes are at the same potentia) 
jins, sinte mfu, =.0) in PAIS gas c 2 
: á PA hf n a Carr) ind 


lazy e- xX 10 28 ax. 36 biving for A, Bier Bases 
eb ái nd -bna 


v = s0%om/see. N , 
same as G, 


d z= PEA N where Qe is 
on 3 snduced charge on the inner 


P i electrode. 
a is at radies r 


= 
AL «particle moves from a ts b at 
a f radial speed, we shall have 


HP the path slopes at as} 
Br ie pee We Bo = 28 ae ed ofheb- ber 
Sato cote? The corcia r4 Jeker] 


poke is corresponding) 
Rp eraser - = At 
stretched ovt in We. see S (nb-ba) r 
To treat the cylindrical electrode case, we 
have: rah te Selva Pia! epilator! EA ge ee 
for that geometry, We can vse Ob ba) (avez) 
same trick, smearing out the 
charge Q, whith is af radius ri NERE. i tar 
onto a cylindrical surface of Gry) bn(k) 
radius, Jypose this resolts i 


zew 


16 cm/olt=see Me = 100 Mifal tse. 
at E= svo wlts/em, time to crses y cm gap is 
L 
roa’ lectres take —— sec =25 microsec 
aa 50x 80 
Electrons starting closer to anode move at 
same speed, take hess hme 


— Palee from electron traveling em 


Pulse. from electron starting nearer 
A anode i 
= Pulse from electron starting 


AeA clase mo anode 
h the event shown, the starting pasitions are 
Uniformly distributed between anode ana cathode 
We therefore expect the superpasitien of electron 
pulses to have phe Perm N 

The prsitive jon pulse should be similar in 
shape, but its amplitude will be £00 times 
less, its duration soo toes Jonger. JF mill 
be a current pulse of the same sign, IF we 
could observe GH the details, in the idealized 
casé the current pulse would Sook like this 


peor es 


[426] The metal ring which has 

been rotating with speedy is Ke) 
Ea 

electrone must eventually alse come to rerh in me 

sense that Their average velacity, initially % is 

reduced to zero, The aveeage force required, an 

each electron, is mdi. It arises fram the 

dt 


suddenly stopped. The conduction 


relative motion of electron and lattice 
& steady curcent #hows in a stotiinary 

under the mfhence oF an etectric Feld E, 
ererts a firce eE on each electron, 

frretiin” is equal and opposite tee ht us 
make The Forces equal in the two cases by 
setting E= mgp Then the relative 
mation of electrons and lattice will be tre same 
But we brow that E causes a current density 
Erm, Theretire the relative motien of 
electrons and lattice in wr ring mutt, af 
any Mhstant, be esuivalint fe a Corrent dinsiiy 


Jerg s one I= AT 
ea 


and @=frae mws 
occurring during the deceleration 


QAJ TM ddt = 
© dé 


Le haven't kept track of pi, anal will drag the ¢ 
Uf the carries are in fact free, negatie, charge 
perticles, the current pulse will appear as 

A possiti current in the Sense opposite To 
the roratisn oP me ring. 


All resistors have 
Phe same valve, Ry, 
Symmetry requires 
the current division 
shewn, Proceeding 
along any path such 
as ABCD, we find 
the potential drap 

FR ER + e= ERE 


= Current must be zera in 
these branches, by symmeny, 
Remove them, leaving 


Be 
ea Sp 
Ares | 


negative root is not 
ordinarily realizable. We are 


Given V, what is V’? Replace the ladder to the 
right of B by R. That won? affect ayting to 
the left of B. We now have R 

The resistance between CAM 
Canta is just R, as v RÈ 

we know, Evidently, muy 


1 RRs 
FRA 


a el 
A 


we must have R= Ry 


= ERR 


Te terminate the ladair attic any section, simply 


ka 
agl Ph 
RÈ z = EY(RtR) -2R + Ry 
a, 


= 21, @+R,)- 27,2, 


Single resister 


P= IPR, + DR, 


= GR, + (E-E) 


© minimi set dewo 
Te 2e P set gP- 


1 which we alse get from 


This gins the 
condition 


Ohm's Jaw. Observe that Pis minimom, nit maxinvo, 
tee WAG <o H is less thari L,@ (RR) 


[4,30] ser one ampere Plow 
fare net at A. Return had 

connard all 
at infinity. By 
rymmetry, current in resister 
AB is $ amp, Flowing from 
Ane 


oot shown) is 
jerevnd rim 


flow 
Retven 
Connected arma rim 
By symmetry 
kurrent in resistor AB 


is ame Flowing Krom 4 poB 


det one ampere 
out of met ar e. 

fead 
lat fraisg, 


Super pose 
Javore 


the tus states 
Corrent ab infinity 
Corrent in AB is 
amp. Since AB is a 
oom resistar, the potential drop 
crest AB i $ volt. Hence re 
fretwork with Ferminals at A and E 
a $ ohm resistance 
Note: the resistance between A and © 
found by any such easy trick 
owever; it is $ ohms! 


5 equivalent to 
cannot be 
The answer is known, 


generotor produces a 
amplitude Vy 


very short emf pulse, 
and diration St. in circuit (a) 


the capacitor C is initially uncharged ; the potential 
drop across C is zero, and increases only slowly as 
È charge. At t I=%/R y 
decreasing only slightly in the short time at. 
Practically all this current gees thogh C, rat 
Through Kz. [Our assumption abut at is, 
wrciticaly: at« RC and at&R c] At 
time tat, C opuired a charge Q=TaÉ 
= Kat 
R, 
Yat 
Ric 
discharges through R, and R, in parallel: 
The current fliwing backward 
pheagh input circuit Is 


acquires 


has a The reponses (ay 


The potential drp across C is then 


With the disappearance of Tre 


c 


decaying expon] 


ah fre [ast two 
ertially with the time constant (ERa )C 

e slightly “Shp FPT) 
in’ pats 


tae Fist for 


detail 


of which 
at 
The potential drop across C! is 


the part 


into CL Ih time C acquires charge 


throusk Ra and the 


Thereafter, C! discharges 
input circuit only, with initial current 
and time constant Ryc! 


ana 


time constant = RC" 


(4) will, be alike if 


(same Tma) 


(same Imn ) 


(same decay time cons fant) 


eguations for Ry and C! and 


& 


me ger 
chc RE 


Ryn RiR 
GR) a 


CHAPTER 


Ez] 


E DE rest rane, oF 
plates + 
statvelt 
Bem 
as stahvaltsfem 
veg 
& 
Y Qr aA, 
Q 


Momber of excess electrons on negative phate = È 


w O m bb #10" electrons 
a 41 

mening cast af asc, In fe, the plates 
Their east-west dimin 


NS dimension is 


rame y 
are moving west at 0.6 ¢ 
20 VGE = ecm 
unchanged, ast the rertical separation: The 
number of elects on the negative platt 1s The 
Sane, bh 10", r 
te fact y 


end & are greater, by 
AmE, = as2s hla 


Frame A is moving ypword at néc 
the plate dimensions are aos jo cm, 


LVF = Ab om, 


vertical separation is 
Number of emctrons is 
0: & statoj en 


unchanged. 


asm 
POPE smer» 


Thus ET = 


rhe Flan is ce L's anr'ar'de 


e 
tat eye 
(are) 
a bund around the sphere between € and Erde 
rae 


Grey 


= arg 


we mish ta include half me tota) flux between 


-S an € the valve of a must be such 


30 Bev prot” faal 


= use the more accurate 


«93 Bu) 


Cactoally 73 1 we 
rest mess, 
Jince 2 * PE, 


a é 
LALO = 15610" statalbs 
* cm 


X, mith EC and æ taken 


see, 


electrons Y is abot 2000 times 
Y = 60000. Then Enay © 2/01 stebvolle 
on 


d "Araton" = saj sec. 


Kinetic energy of chaton is aro kev 
Rest energy + kinthic energy = (eooraso)ker = (coe be) 


V= 780/500 = 1S 


= z ufside a phere of 
CEA TRES 
Masius ct, centred 


Be Et, We on the wrigin, The 


et Smee 
me Field at rimet i 


Phat oF a uniformy 
moring charge 
which would be, st 


Part ns oe 2 This time, af x= -vt 
= Ab)x10" emfæe (at exit) an 


Ve hos dimensions of energy, as dees mer sa bith 


can be in kev: Ye/me> = 


at naat v 


average Transverse velocity T= DLINI m/sec 


No charge remain 
Š = LoP, we ye remains 
O A/P = EPRE e 0.072 radien = 4.12 Incoming Field lines 
In a frame th which rhe eketron iS initially ap connect to ovtgeing 
wn Ẹ Field lines, Thickness 


y~ Gt = opos. 179 015” = Og cm af vat 


rest, the plates are moving te the Jeff 
peeo pox once. The length of the plates ar of shell containing 
is 4p om = 267 cm. The plates are abort ie E) connecting field is 
Ond below fhe electron fir a time t's 267 em 77 determined by duration 
ducing which the ekctrin ts accelerated PMSS of deceleration period. 
(pried h the Pied E'= jE = PV/s The Ar remains constant, Ar 
upward momentum acquired is the same as in He || sete expanas, E 
her Frame: Eleta Eet = o.0bo-me. in milf within this shell wf.» 
frame the electron is nan-relativishi, h a g00h g This radiation is 
amcaimotion. Wy = opse and called Bremsstrasing 
Wo (04 JED Cotmre)ere Jers) = out o 


EI] Ler Ey be the 


Y-componenr of the electric 
Held of g, at the location 
Af far Lef py be mre y- 
component 0? momentum 

of rhe particle qa. 


The surface integral of & wr the infinitely long 


is ang , by Gauss's lan, and 


ts mregad a jat J 


fates 
Es 


cylinder of radius b 


anbdx. Hence 


on, 2 
i from which, B= 2BR 

an 3? oa Sai 
Ta cakulate > rhe same way 

the momentum acquired by 9, 

consider a eyhnder drawn?! 

With The path oP 9 as its axs 

At any instant, ne Hive thrush 

the Cylinder being ATI, the 
Ls am 2p 

it remains at a tred x. but clearly Lx: 


Mow 9 is stebianacy ; 


computed at ine fred port x, js 


cpl TO f bay Ax if 9, sides cling at the 
constant speed % Herce Py = “AER 

Note thet, in genah, E E at any given time, 
for Phe Field af the moving charge is nat the same 


as the field ef the charge at rest: The sum of 
the y-mementa ef the two particles does not 
emain constant during the encounter. In fact 
phen is passing % some momentum is 
fixing changed With te elctromasnetie Field 
jowteer, when the encounter is over and 9, is 

FFn the right, the Met change in The 
momentum ef one partie must be equal and 
þrmasize to Yat af the othe in agreement with 
ir revit: 


IO! Tipped he GR Brea DAC SR 
EA EEE OEE 
(he ARU aspen cee 


consider 
possibilities 
lrerywAtre at 0; (b) The Meld "grows wutward* 
fom the charge, at a Finite velocity, Clearly, (A) 
naletes relativity far it amounts te signaling with 
finite speed. On bypatbesis (t), Sauss's Jaw is violated, 
on a lary enh sphere, af tet, d0, £= 0 
over tre sphere although the sphere, at Prat instant 


untains charge 


BIL] For a proton (res? man 


F Aneti energy, Pas ip te 
o ev kinetic energy, Pæt Le 


On Phe Ayporhesis that À 


= 40er) with | Mev 
1.001 


For an 
lectron mith 
1ooooz. 

re, 
D 


the change m ekctron chorge wold be 
compared fo fhe charge in protin charge, 
H is exactly neutral, ve shih expec He to 

an excess positive charge, per atom, of 
oder sf magtede 107e One hre of He 
WTE 61078 (ifan) ~ 3110% atoms. 
Excess chiese moult be m prae 1d orm 
fae electric BRIA strength, at 1 om dafmct, sy, ~d ofal 
peer mous Leid!) 


cantains 


m tive charges Fraveli 
=e Weft 


5-12 density OP line charge 
2 ream 

ieee, oe 

Ldensity af Ime charge A 
pasitive charges at rest. 


aed 


— test chage 3 
foward right 
in resp frame of 


GA 


linear density of ngatir chae 


rhe nigariee chergers =r Af 
| TEST CHARGE FRAME 


ne o oo e eo o 4> density of mative charge 
= 4 


t; 
Crest charge 


TAP 
line charge density 


= = YAp: 


This is 
2 which 


Ar fhe frater 


Phe posite charges 


Pre same as £5.41, except 


He absent pure becasce 
are not contributing ro fae currens in rhe lab frame 
From ners on, “me argument muld delicate thet on 


poge 176 


Ay- 22 « 
Zz 


yx 25% 


Fir a 2B electron, ase 


4000, 
«ai adian 


aE 
Efectos 


0, or g= 40m 


yA P i almost sath I pa 


p= rme = 4000 me kaga 
The transverse momentum = 
sequined was euch that L 
ccording te the result of Probhm £9, the transverie 

umeatim aguiri by a particle o charge q mhen 
nether portie of charge p pastes it with velouty 


is ABQ. Th my ths, gifa a fram in 
“ip ý got a tre 


hich rhe ekorn i ef ret 
im eedecity vc, (The positran velocity in me 
oe Frame was practically ©; In Phe eitten 
est Frame if fr tren close toc) tn thir Frame, 
act, 
cb 
component such as fy, like A fransrwte 
ponent of any fror-vecter, 18 im changidin a 
Mne p=, so That 


The pusitren passi it 


Now & trensver 


tment 
ents Hans tormation ‘ 
Fo 
& 


dame, from which, 


cxsetom, This distance it so 


Wectren and & positron that ale 
exactly hke classical pomt charges. 


One might Prink we codd have Apple TA 


teak 
A aithereat answer, h the lab frame, 
cach partich mesoahve Feldy 
faken mie account, contributes equally 70 


wmentum Pronsfer, (eating ty the result abort: p,= 2 


produces a 


[5:14] [this problem belongs in the Chapter 6 lish] 

The force per cm kength was 10 dynu/em, Ac tra 

wires S em apart, and a current af sus" esojie 

tn each, Between ne chanje A the force pec unit 

length is 2È. Ta gt jo dynes/em, then, we 

med E Ss nas Ans eu 
ad y 


The eleri PRIA Strength at the swhace of a 
Imm diameter wire, wits this laar charge dtnsthy, 
aoe = Bd -= 200 statvoltsfom. The 


mamnatic Field due te the current, at The same radin, 


OB Bre 2 = 200 gauss. The 


7 
numerical equality ts of course not accidental, IE 


ITa 2Z* mn Asf ana BL 
i Fee é ~ 


= 1h (1+ Bp) 


pl CB) (C+) 
a 


” Apa Ae clip 
= r[ r+ cpa] 


CHAPTER 6 
6.1) The held, in gavss, at one wire, due to the current 
I, ih amperes, in the other wire, is 22, The 


= 26 Gres/em 


pe unit length is z 


(E in ampres) 


[62] 


F = Lel e hogth ~ no. eP tums 


Fm 60.51990 Aynes 
sos» 


9390 gauss 


E vary wl. 


7 see why the ren path 
Can be ignored in the limit 

aa, cinsidir the Finite 

Path out to zar, revering 

by way oh Ha large semicire 

On the axis B ~ yy fr 2h 
hre that giing wh in any direcion Frim the ving, 
Bio Shee the length of The 
Jonita is praprtinal Ho r, the intgr! JB: 
ore the wmicircle must vanish at least as fat 
>a. [h fect, it vanishes just thet fast] 


and we may 


as re 


Half the Field ota 


i Nan ETE 
“2 lat Os ag 


holt ha Ked of an infinive wire 


e-am-z 


st A 


Fopely met in atmi phyttes has the velve 
(4.803 018" 

(EET par 

thus v is relatiely anoll compared fo c 


‘ 
Fa = 0.007297 , or appenindely 55. 


r 


e fem 
Br zue 


he number of revolstions per second is $ 
EZY 


‘ ‘ 
nag aja 
am r asia? = 


thie Burnt 
spent, thc os Banh 


Ye magnetic Held at the center of the orbit ix that 
bf the equivalent current ring + 


hosa 13? amp 


1 aant 


AE, = A28 «10° gauss 


center of the orbit, 
The magnetic 
yE) an, e. 
8 thse) RE A 
agrees nith our result for the fidd of a 
wring charge, crayo 
A circular path, net in a straishh line ab constant 


Lete: the eectric Keld at the 
due h the detrn, is ea$ 


field, as we have just seen, if Z 


even though rhe te here moving 


Cadie ds cm 

Given the axial symmetry, 

the field at ary divs T 

will de AL phere Zi 
Fe 

The current in esufee inside 

The circle oP radius r, IF 


Zi in amperes, 


dn frame F, Etoo c0338°* Poeh; 
5-00 Sr si= 50; x0 ; Bao 
Ly. 68 18 the Wonstrmation 
For motion of F' in the x-direction. 
For F' moving in the. y-direstian, 
current inside fg = j- with B= 0 in F, we have 
YE BYE so 


Current inside G = 


TREA 
ha 


ea” 


Soss 


h o Z= Mas 
Corrent inside h= se , = (083 
ji aj PEt a ag 
= bas (20.6 -G*) [seen esc] “ah. 


EAS FO = 119.3 telts 


T find B' we can use 


= Se 8 (2028-9) = as (2338 ~4) 


g 


with We ~ be J 


B= 400 gass, raas Bf ls in the dindim 


+ 286 aus, ranch BY, mith magnitude 06 E = ots/Ofa~ 65 gauss 


* stctvolts/em 


9 « 167 volts fem, 
en = h4xs 


amp/om™ 
thn 15% amp/m- 


Length of mire per tom = T (Geis) = 19.85 om 
Total length = 19.96 «160 em 
Re 0.29 thms Le 2 

of and posite To YIB. To find how long this 
Bx BF (amp-tersfem wm ME Sn 82.8 = S20 


iS consider the charge tat would pile up on one 
Parer = 28124 = 2000 watts of serFece in T seconds, mith J= babs 164 ampjen 


garia 3a! eculeee, = ga eSaliee/ime The resulting 
2 is approximate. Wa used ne ibinihe pers pein sig 
solenoid formula. At the center of the solenoid with le pe gat ape 
Pe-diameter ratio 36/6 = 5, the Held is smaller by the fadal 

cos (Hiha) = 0,98, or B= £70 saves, (see £9. tel) 


a bottle ef seawater were carried af this 
rd, a current movi Fav only feng enowh to 


this becomes 
Ss 5-48 
ve gd, 
F= &+86 
Bice sor the absence a 
agrea With Ep SA 


& 
ad 
Svo mph = boo km/hr 7 


2.a 170" cm/sec 


EEE asao = 24110 Sehol 


£’ punts west 


(eu ee" = 
"AA +5 8-988 + 65 E-f 
kar Fe Kai 054 


Pea w te gt 
= Ate r(e; 


gog A 
y+ ÈR -285%) +P (Ee EAEE) 


~ BF (BS 4 eS ae. PEES 85,4) 


= EPCOS eè 


A 


One cbuieus choice is: A, 


Equally obviors ise Ay 
add ary vecti Ainction with zero curl 
% 


Stokes! Theorem says: 


= Jledh)ia , 


Jorkka 
att = feu = F 


tor any 4 


if ogg, tren f 


Ye dine integrol of the vector potential A around 
ry cored pam is egual to the Flox enclosed by 


i poth, 


Solid conducting cylinder, J is 
constant over the cross-section and 
Zero outside the cylinder, 


el B= BE, og we knw fat 


BÈNT, = amd. fr serea 
Fe war 


fir Pa. 


pe are, 


Bis 


Constant over Phe Cross-Section and 
zev otside the cylineter 


cul A = B 
the system abore, replacing 8 yA and 
II by 8 we hare: 


for 


Cylindrical solenoid. 


By analogy with 


okrea 


r>a 


Ge Mes of A are Circks around the acis. of 
is not the only A which waid satisfy 


az 


Assume frst that the. 


chage separation. Such an effect can be observed in 


cory ARI Jf wile pre “conduction of very intense currents In a column 
Pale Heke Oe LaNa Endet ianized gas. I ie called the “pinch effect” 
e pei ania 
B= 2n, An electron og \ IS Se 9 in frame at reference moving 
z F anay r with the electrons we hori 
with average velocity F experiences fi A th the elect hare 
a force of magnitude eB directed radially ò Lie we charges at rest, r em 
be Stet os apart The force is repulsive 
a ERS SESE, eh Seine, sre thet TE agonist Soy E Transtioming the 
Fa anne Er. Let see whol redistribution atiforce to the lab frame, vsing AB. L dp! 
S 7 ergon 
charge would be require. re in electri fiela 
Aage wadld be required to produce en elctrè Held laun: on page tyo, -me Aare 


that would jist bolance this inward Parce. Notice 
that F is proportional to F. We know that a cyl- 
ihdrical charge distribution has, in its interiog a 
radial field proportional ta r (see Fiy.2.20, A £9) 
2 = any ef =F requires 
earpr = anne Er | or pa ne(E)> wow 


7o make 


ne is the charge dinsity me wuld ind if oll 
the condvetion 


electrons “were present alone, 
inconpensated by positive charge. The anrége 
velocity is typically very small compared te c 
See Prob. 4.5 “For an example. Or Consider that 
with 10° conduction electrons per on™, a drift 
velocity of 1 emfwec corresponds to a current 
density of 10>, 460759 = 1600 ampifem™ h 
frat case, (Ufe) æ /5™, Conclusion : ewilibtiom 
requires a vey slight redistribution of the 
anduction electrons, amoimting te a uniferm 
wrerease, by fre Fraction (HY, In the concentrat- 
Jin of conduction elecrrans over the velve that 
exactly neutralizes the positive charge 

Ut the pesitive charges were mabile fro, the entire 
distribution could colopse tawara fhe axie withast ay 


e 


) In the lab frame, consider 
Fielde at the lacofim of 
metran "arising trom electron 4 


fF = Ke (From Bsn, pro, 
FR 6 P-S, prho, 


jum orng 
P- pE = pre, Combing E). 6l, par) 


Ae resulting farce on ehctran "2 js made y of 
9 en otward furce ak = ygi 


d an iwara fra eygu er 

7) ate 
OB FR 
Arch agrees with whet we fand by method (a) 


Pas rec, Voo and the fwa, as 
jpsered in phe lab frame, approsches zera. 


Pe net Force n Fore yie n yG- 
d IE -ME ~ ro 


\ Statismacy electrsde. roteting disk 
eines as S 
am] OAS ANN] 2a 
Canne 


— 2em 
With the disk at toky, the electric Held strength in the 
Space above and in the space below the disk is 
vot 
Foong 
Density of suche 


4S esolem™ 


£8 sfefra[ts/om 


charge on each metae 


re Ze 


At the mean radios Flat 
= faem, 
2m XG. 6)» cm/sec 
The egvirolent surface current density is 
Parv = 45 15160» 44x0 eufacpm 
The two current sheets each of 
wefice density J, predoce a 
Pild B= xd bom above 
v 
and below, 


4x hides n 
x70 


the relocity is 
3180 


59 x10 gavss 


We have used the velocity at the mean radivs ts esti- 
mate the field strength B immediately abore the disk > 
tat region. For a mere accurate caleviation of the 
Field strong Te be expected at the focotion af the 
magnetometer needle, one could divide the disk ints 
equivalent cirevlar current rings and integrate over tme 
hole distribution. That it whet Rowland did. 


v bath points le well inside a fairly larg salensid, 
Held at R being shshHy stranger, Therefore the 
iginal field at R must have been slighty mare than 
WP the Field af R 


Ib) Surpese the Field doer have a 
tical Component semewkare along 
fae GH, Thot is, tn the plane 
D the end of the coil, as shewn 
atthe right Mew 
imagine a simslar 
solenoid, extending 
Upward, as shown of the Ift 


Field gt 

gow mut hare a danon cpa. 

T ert, iF B dies ana if B! and 
joe in Phe same direction. Naw jon te two 

Gore solersids end ta end, and supe pase their 
las. The resviting infinitely Jong solenoid murt 
$ Bero: external field. Bit the addition of B 
& cannot give zero, Hence B cannot here a 
pical component. Therefice B ir hereunto! ot 
prints on the line GH, and GH is a foid line 


The argument usta in (a), applied to tre semji- 
Hie solenoid, shews that the axial compurent of 
Pied, at aay punt on the end fice i £8 
Adding anther semi-infinite solenuid just dashes 
Aria field component and prducer the porely 
wrifwm Feld Be tr caledeting. the Fx Tarah 


The 
at the comespending point 


the end face, only the axial Field component is 
involved. Therefore the Aux must be just half the 
interior Phx. 

&) For the same reason, the flax tube on the surface 
of which the field tine COE Wes 

the end face 


becomes a 


must Flare out 


as Ut approaches ss that its cross- 


section there circle of twice 


centaming the same amount of Flox. mani ar TB 


The arguments used im (b) and ©) lead fo a more 
general statement abot the fidd of the semi-intinite 


Ea 
i 


Solenoid » 
a | 
P 


At two corresponding points P and P, symmetrically 
located: with respect to the end plane ank egui- 
distant from the oxis, the Fields B ana R' ore 
relored as Follows: The radial components of R and 
1g’ are equal, The sum of the axial components of 
B ana §! is equal h &, 
or fo aero, if P lies 
of (6) and &) Flew h 
ond P’ coincide 


iP P lies inside the coil) 


The conch 
h which P 


coil. 
case 


outside 


the 
special 


the areal 


(6.19) Consider any pont 
fh at E We mack Fo 


how Trot the Field R af 
pis “circumferential”, Hat 
ls, if Mesin the plane 
FGH, A plane cofar 
P and perpirdicvlar ty Tre 
is, and iP is puperdicular ` 
J the maius from P h the 
Consider a poir of forns 
ana NB'cO! symmetrically 
mpoct to P 
The contributions fo the 


Bynmeirically /eceted wire ~ 
mers dl, and dl’ combine 
form a resultant in the 

Sireum ferential direction. 

fire Ereg.) 

The contributions ts the 

Belt ct P from egualy 
metrically Jocated wire~ 

Bemens dl, and dh! also 

4 te fom a resultant 

Ee na woes t 
Ye individ vetars art 
af the plane, and the 
ety tr o httk herder to 
lize 

Sree the fwo rectangular turns 
erpised into such elements, 
ke decomposed into 


lacat with 


can be entirely 


and the entire coil 
such poicr of fums, 
Blows that the rotal Feld af P must be creunfomntial, 


i 


Pith | and poth 3 enclue 
200 cred. Shee B, iF 
i exists, i ciromteretal 
fhe Mne inteyral arend 
suk a path is anre. 


Thin we must have! 


[620] since ro mitigavs Is 
abot 2% of the ewths Field, 
we need a compensating Feld 
thet is uniform to aboot 2% 
aver the region of interest 
Lets try a Solenoid 1 mehr 
and So cm in diameter 
whether it meets the 
compare the 
fid af the center © with 
the Held m the atts IS tm 
from the c0ntes at 2 From H}.4¢ 
freid at C 
Field at 
ae Ae 2S 


> tas! aE 
ae 


ling 
To see 
regvicement, 


cos = PPE 
cu 6 O38 


= tai’ 25 cos G = 0.9394 
ae teil 35 a= ag 


Zeore 
fare cs e 747 

This u a httk te large tir comfort, epacially as me 
hore no essy woy to estimate the deviation of of f-aus 


suck as E Heft lengthen the solenoid to 
Then @ = tant 2 stias and 
we me 


This givess 


— = 8 horz 


Ye may eyscet the diparture trom uwformity in the 
ndial direction fa be of the ame magnitudi, rohiy, 
s fhe Variati h the anat dirtdtion. — aithguyh if 
IAs The opposite sign, of course, he field sStrenghh 

E beng greater than that at C. [Wote: an exact 
slevlation at the Field strength at Z which invalves an 
ati: sntegral, shame that W it kd %e greater than Yh Feed 
Preng at C, in the tae em lang solenoid] 

The arpare-turne, NI, required to mate the field of 
Hs solenaid at C agua! fa Yht carth Field, ase garat, 

competi ar follows 

Bis 


ie eng ~ 
Meo 


ose 


eano 


SE = S70 ampir tune 


The longitudinal 


patting , per second, 

[ryh a plane purpendicular 
e aris af the coll, Thir 
Pnphy Z, for any such plane is pierced just omet by 
helical whe. Tresfing this ae a cylindrical tube of 

Bets ite tita will hari the magnitude 2E outride 

E Mte, and zero inside 

Gee a otam arial Hela ot magatode anar 


Â 
h turk parem 


The circumferential current 


te The coil, and zers ovtside 
t 7o the individual tuens, of 
Ese, rhe Field is com, (cate? 


led ape chr! o 


The z- component of B preduces 
a force in the plane of the 
coil, whieh cantributes nothing Y 
to the torgre and 
pvrefire be ignored in this caleviation. 

AL «$6, = 2dlG ome Gut dl sine = dx 
dpe Z8, dx 


Pa 


Hence The fargue abwt rhe 


wears is ydq EB ydx = dN. Me hove 


to integrate this arwnd phe loop to Find the fatal 


T 
free -au tv 


Tap s 
aaeei ths), Mois Ne BZA. me 
e g 


torjue vector is h the # direction, ana if we 
define as im rme mgure, eur resolt can 


x 
ge Zs 


be written in the more general form: N= XE 
I B 18 the same at all prints an the leep, 


farce on the loop Yor 


Je = [EME = -zgju 


and 


over the whole (oop is 2070, being nothing 
but Phe retir diplecement between the 
starting point and ending point of tre path 


ja 


6.23] For a t Bev hydrogen ion, Y=Z, since fhe 
Fatal energy, Kinetic energy + rest energy, i aporntl~ 
ately Twice the rest energy, 

# r=2, px te 

Let E’ be the electric feld in a cosrdinate 
fame moving, at a given instant, with the lan. 


£2 (PB = TEE so that if we require Phat 


E'< bs e10" stetults/em we must have 


REA 
a 


B < F650 gauss 


serie Lets take verdee 


and Bx OS pavs. 
at mist 


| reasonable speed for on airplane, 
hen tht second teem an Pre right ii 
Lote 
Fro 


at axi" stetriltefem, 


Therefore, unless we are provided with advance 
Pinemiedse of E, TH Mais precis 
br Fram a meanvremint of 
ations in 


we canner iher 
f Because the 
atmospheric electric Field from 

Bice to place and from day ri day are Thosrands 
greater than this, the situation it hopeless 
Pe pigeon, Plyng mere slowly, iè even worse off! 


the 
timer 


Ar for measuring § AnA inferring B, Me 
r intraduced by 

oder of masoitvde LE 
1104 cmfrec 


unknown electric Fields will be 
Wits E= (6° stebwllfm 


ou a 
on Suid pac, 
Pn ai 


mhe a oniy 


ek y entirely negligible 


G.25] Let be the instantenenss velocity of the bar ecompire there eects. into “Langitedinal” and 


frarsverse” components, mith respect Yo fhe dirchitn 
Why That is we define E, and E, ar follows: 
E = FRE) 2 = 2-4, 


A nmilarly decompone B ints By and B, 
then Phe transformation 


can be weitren | 


-5 £i = y(E+tExg) 
<h Bw (8B, ~ Leg) 


[tele thet we could jat ar well unite B, in place 8 


-t 36 
to we have Taye”, shee Te Rne E Aih plan of g 


Pe in the Find Perms, since 
1h =o and yrei 20 

The relocity decreases panertially — in that sean, (PR Px Ey = 0.) 

|| the rod hever stør erty Bor Pre distance it Ta go back to the particular casa mith x in the 

Travels ps Prite frechion, we put y spp 


ae fra fa” dt a Te 


A 
f= BERR = WE, ppke) 
VE. + mh 


The initial kinetic energy of the rod, tmi, is fee farletaG) g 
Transferred h the resistar ar Koah GG BrE) Bf 
Amie [RE , ar embe easy Ci A ham map nma ene 
Bed v oma mar eh pres sen Ey st) 
STIS -26) both 


>E, tere is na frame om which £' 00, but 
a frame in which g =6 


s namely one 
ing with speed wa Be 


Dn the x-direction 


5 
that in the. peci Cast G =G, in trum 


ng With peed ¢ m rhe x direction Phere i 


= Aegean 1 Ein +p) 


% Br Fs B= 1 (B+ BE) 5 Gat (B-P5) MMM ot alt: Egeo. Thin relation tp 
The nique direction Caer which is Hele iste of the fields in a light wart, as 
gÀ yi teocily a the Frame F as rena in he MEM S00 Im Chapt 7 and the ‘trantfirrnapan 
zg Sj Frame F Given any electric Field E o Gig, T Yeu culd. corch p fa a light wave, yar 


6 magnetic Field B in the F frame, we mafii find anything," 


ZB) The analysis n SEC showed that a test ae 2 


Charge mwing parallel th a wire carryòg current exper 3 em dismitr, © rurns pr em. 


jencer a free which, ar observed in Me rest frame E P em 
the test charge, is dve fa an electric field. To onmerstand wide, and isolate a semi- 
wiy the Introdoction of a cida, such as a metal ie a 
piale, betwen the mire and the test charge, has na effa 

test charge, In that Fame , the cantusting plate, E dynes, acting 

oe AA E UE Aiii ceed © Bi arsa a $ 4 loen A 

Ts mowing thengh a magneti fid and anetictrie Ẹindvetors, causes an upward 

Frud aA these are rilah precinly 1e ar 7 make on the semicircle whch is belanctd by fhe dron- 
fhe tod Aret m ny dape i he pate er, Mance ed fase AT. Thr om rele is + ” 
there ts no redistribution wheter ob the chetrons in 


Credle helt oh ot = 


Phe plate. On the other hand, if me cavseh tre plate ence panto? Ja adesng = ag 
to move alang with the same velocity as the test charg aa A 

it word make a difference. An obeerver in the tet bana 
charge frame wold say that we kave introduced a 

stationery plate inte an slectrostebic Field, mih a i 
Cansequent redistribution of charge on the plate. and a 


en 
Aistributed over © mireg, bene wir 
ares of Sxfx043" © orot em™ 


resulting alteretion af Phe titel tlectese Fidd. Ar sbsercer 


in the [ab frame, where there war ne electric field belare, we hare 


movla say that the electrons în the plate hare ndotributed 


Themselves imdir the fntlzince of the 2x8 force, and 
Phe ned cheese distriodiin elf praduets an tatr Hill —- = 
E hE pide 4 L JB tg pane) 
The statement on pp 21g-2t0 thot 
Gay i : E in Gaussian 


imply thet the Force iy zea tn mi 25:45" valtsfem = © a fear! strwljon 


case. dndeed that is troe, far wht 


aomplem™ a Biritan 3410" essfenfoee 
ZE ot n 
~ of an external Fidd (è ey 4 Field Eo © fizzy tig T 1> etafem™ 


T fim some other sores) By in the re fe 
direction 263, ana the Field of ns fa = 2548/0" Sem? 


direction, LIP aero ™ fem" 


CHAPTER 7 


ws ane30 = 144 radiansjsec 
10's osx 1881 1d) p0" 


1,81#10° turns-om* 


470 volts 


Let be the umit vector normal 
te tre plane of the Jop. The Flex 
Through 


will be zero for ary motions which preserve the angle 
berween A and the fixed direction B. These mclude: 
(2) tation aboot an axis 


ON translation in any direction; 
paral! te G; @ rotation about an axis parallel te B Bagritude 


h the go° Hin, &+WAB, Z, =o 
hn the ii He MB, 4 -ME q- 


za, CET 
7 o. g ea A33 gaar 
+ 282 OP gavs 


1 = S00 omar f 
Fr coo (433-0.8) = 23 «i wlt 


i we 6 


The lve is downward and ic decreasing. È mill be in 
the direction +a arire a current which weil make 


pare fle tuinwe, rt ts CD 
= 


Assume the corrent in the leep, at any trotart, ir G 
causes a field & and a Hx & linking G 


This convent 1 


the loop will remain constent] 


2a 
forth mint be a rey large numba.) The tint 


op. Because É i changing mith time as the Imp moet 

way from the wire, Bis changing too, resulting in an 

tra induced enf &! which we hove ignored. The 

Bu os gues ptt 4 hon aye mast R be that Èi indeed neil 
pred aE? Ar a roy rash estimate, Be ZL 


ee 


ting © cm as a typical dimension ok me 


wk Ei Bs inp wre Fp war! 


“ety, we shold expect a tector like. Ln (1 diameter 


come th whin the fice of B linking Pre lap ie 
and Mhe induced electromotive force Werlthd ~ see the comments in the firit paragriyar an 


ht onks the wire X extremely thin the 


at these charges is of the order of 


of Dean dittata Mamie 20. cee 


S‘ chms, we will bar C'E Ta 
M mire ginerally, the indoctis tims constant 
(np itelt, kk , shuld be short emparrd fo 


A change of the externally induced emf 


T (8-8) f- u-a) 


Arce an the loge is 


Fig. qul the energy which it dissipated 
statrenary Joop has te be supplitd by 
e agency oe moving the coil A force ir 
D meve the coil “because of The magnetic 
Ansing Fram tae induced current in the loop 


Z6) Uf the field is uniform, È will be sinusoidal, 


regardless of the shape of the losp, at constant rate of 


rotation. Miata relafirsy vesker here 


bela relatiiiy 


A loge rotating i this field wil guvat an emf 
pwe hke a *rpuare -waret 


1200 tuens 


L + 


l ampere in phe coil causes ide the 


coil of megainde B= 


field in. 


a 
fhu «msz EN ashe 785% 2.00 = 71410 
L thew) = 
Me have neylecha the fat that the field inside tre 
selnoid is not costars. H dereases nesr cack end, 
so that the Phy through the last torn is 
Hal? Hat Prroup a torn è the middie 
Phat we have ortrmestimahd the inductance. We 
might expect fhe error to be revghly damare 
PA im tris erampr. [A teep C9 
the error is only af i this case, as me Can 
dinone by referring. ty Tables which give exact 
rales for Phe inductance of cyrdrical coils] 


J+ 00 « 


tagi = pela hoys 


7.55 gauss 


erly abas 


This mean 


A] One-way to wid. aiaa mic Aa 


nen inductive” eai'l ts indicated below. of course 


HI 


fht reluctance is raf zero. The residual inductance it 


ramae that of the Long, narrow “harpa 


lean guration: a oe 


ZI] with I amperes m ring 1, the Feld a 
distance $ donn 
whe axis if 
B= anal 
do (46) 
[hir u an application of Eyhat, paor, mith a 
plaing b, b nplaing 2, and jb 
Po Zit sh amperes. ‘For bpa 
appreximated. 


replacing $ 
this can 
2naT 

70 68 

alse, for ba, we can neglect Pre variation 


a= 


B over the interior of ring 22, Theni 
= Bere = aral 
706? 
Be mutual inductance in henrys is wg, or 


[i101 whan oak FAAR ÍA 
PURES E te EEEE ER 
aA APN EAEE 
accurate enough valve - say 2x156 hmm, ab rem 
Ptah 


wire length = 202 4120254 = 6200 om 


We dont know the coil size or the number of tuens. 
Suppose. the coil was cylindrical, with lengh b and 
Madius a. Then tf the length of a wire is Å and the 
number of tons sN, L= ama. 

We have another clue: the two coils were wend 
lastly higth separeted nly by tmine. The windi 
have leoked simething like Pais 
Uf we assum the twine was 
about as thick as the mire, 
the ns in ant coil were spaced ab intrevalt of z$ iná 


Then N= 
as 


Ut sems Iikely that Faradays “block of need” weld 
ben roughly "squarish" in proportions. Ler$ 
cssume b Then from tre three relations, 
fearav L= arb 

Maab this gives b= 300m, 
beaa and N= bo tums. 

The coil is 1f fang and ift in diameter -very 


or abot os em. = a4 


have 
we 
wih L= 6200 
24230 em 


Pd af once: 


reasirable 
An opproyimate 
a coil ot W hens 
= 42 NE Goma) 
a bd ar sme) 


far the inductance L of 
Ms easily deeived. Taking 


as for a hing solenoid , we Aart 


formula 


Because end 


effects mere neglected, this somente 
Pre indatance, so we might 4s well 
f L=? hivy This 

tadvctance of the two coils, 


is also 
fr 
Same Flix, tr tris approximation, 
Peconstructed circuit looks like thes 
“mn 
Rel ohm $ 


Phop | garnar- 

resi tana 

= 5 
210 heo 

100- plate battery marth have an emf of te ordir 


f sos volts, Nothing mould hart been gained by 


ail Wing so Jarga a battery IE its internal resitanct 


T es 
es 
‘inch 


e meh greater Than | ohm, but it prabably want 
ch Wess. Sa Jett assume Ke =| ohm, Then with 

t swikh chaste, Tre shady corrent trough coil *) 
S so amres. When tre smihh iy 


miat must rise insrantoncously 


and th 
to So ampirer in 
for tre flr canm “decrease discontinuwly 


Groe the current decays in circuit #2 mith the 
Arès Ky aR (mapie 
as 6? 
curent pulse loke somthing lite Prise 


wasnt) we have $e 
+I) we hare $ 


Seconds. Thin 


Referring to (a) in the Figure, it L, is 12] The maon = 
eis he han PEIRA poise Rrra = Bae a OD, ID at 17 gaas 
Circuit #1, This will indece an & in a direction to GL = gati egyem 
drist current P make downward fisa, which 15 Pew y, 
P fhe punitin direction assigned n 6, Hene me a eie Aps 
equation must be written Medi 


E AZ, idi 
T a nth | atem/em® the kiache energy dinsity i 


AFSAT Yem, somewhat Ket Mhan, dor of 
e same orter of magnitude as the magrtrre 
pews deny, (The difference 1s not significant - 
en mere fo uncertain.) 


huntre energy of a hydragen atom mith a 


F710 G0] = otsas “args 


A Similar argumint shims that the secand egusi 
mush be written 


Had we assigned the apposite positive directis Sor 
Z and Ê , fhe signs beture M in bath tyuatitns 
ann ad at 
te 
Tor r- E) camGue 
Leath hr er, ot 
Rot e y= aso £e osm 
É wto amp at taam 
For the cteevit in (e): igre faid enuyy = LLI™ = 4 (arā) tap): 
ee Carr?) (ape) aga joules 
& 6-6 IL= Bey ui 
aD tod, f; “8 ts 
En nt gb SB 41, f Erf- Fat a tt E- Sen 
x 


For the 


This is esuivalent fa single coil with L's Lotat 


ont ta nr 


= -L4 png -4 
am d 


This is eguivalent h a single coil with L= L 445-2 
Evidently LDL". A ciwit with Leo mawia violi 
Lenas Law = i mold be stable. THis means thet 
ZL! must be >o, whith impiis ME Lirie Ar 
‘any bair. oh. crautts, [An toon iteag meyli HA 
can da decived by concidering He coil conneched i paratei] 


ELl Tartar -roj r4 Eld 


toog joules 


ZA} Uf we neglect the edge fields, an apprerimation 
Maid is rat very gd onks s&h, 

will be unutrrmly distributed, tm TA gap, and the tabal 
Aipplaciment cart d rhe gap will ejua the conduction 
concent Ty the mire. The Fraction of the corre 
Peng B centered an the axis, 

Hence anre = 4 


enclosed sy a circle 
will be TA) rb 
éx ate, 


car (y-et) 


Be = cos (y-et) By = B= 0 


Asume Phe qoae oF the tidal corrent is 
tefie (abet 2 knots) 
ae, 


bul 


qi = 3am em 

[ZII uer s- side of syare, aem A- era-eectin tm cm 
D= density of metal, in pmf? pu resictivity in chncall 

resistence of frame: Re g mass of frame: ma 4sAD 


E= Bebe, in alts 


a z7, 
OC stabvdltyfim © IA, as u suo vatYem 
ET 


ahma S18? ttem = (5° msl vfs 


M frame velocity ie 


y it tbt myer 
te bo pae am 


Force ypuurd = ESB = 


Constant when F=M9 
Sokin Br Y% t= Ka Dye% 


Potting im the valves: D= 27 


the diplasar? current 


PERE 95940 


and B=1S110% gires: 


ye ut razez pöm _ 


EEEE E M 


A fretly Falling body wodd aegoire speed v afr 
Alling a distance 


LE a pgri "em 
E 


ere the speed ass cmifree m sppreadheh mar sloni, as 


e limit (im fat exporanticlty), but hir mili i bi the 
haracteristic 


distance, ro we can expt thet 


fhe the frame has fallin 107 em, say, its sperd will 
lk ny con fo the 


limit w 
~ free fall 
Z frame falling in Held 


EZZ 


Ko, mAh retan otsida 


Thot field m 
make op T 


ring 2. That is why 
decreases as R, increases, holding R, and Ty, 


oranz 


With corrant I in 
the aster ring the 
Hux through the 


inner ving, for RÈR, is 


Kak, by expanding the outer ring while holding I 
constant. The resetting change h By is 


ag, = Brak, » 
use 


Now consider a corrent Zin the innan reg, ringa 
Let E be the Field stringth at the Fadjvs of the 
outer ring, R. H me now expard the outer ring by 
aR, th Pur B, decreases by just the amount of 
Fix between the circle of radius R, and tHe circle 
of radius Ritak, (Preble 7.15 explained why ik is 
a decrease.) The change h Flux is 
afa, = ~B- 20k, 4R, 

Since ark, AR, 15 the area detweun the circles 

aur theorem B, mB, guarantees That af = al, 


Hence: 


Suing for B: or mere $inerally 
Tar 


Bu TEF at any part i The plane of Phe ring vthure rS R, 


Assume 


current T Flaws tr the outer selenoid. 


occupied by the inne solenoid, js 


Ba 
We here assumed here that $s i se large that we 


can use the Formula Fir an infinite solenoid. We can 
refine this by osing Ep644 page 203, te calculate 
The treld at the center of a Poite salenaid of 


brats bs radius a, 


The correction actor is simply 
cos (tery 2) gr ‘ il 
G 


AAR TRE This will still 


mt Lead vs to an exact result, for the inner coil 
inclaes a Finite volume in which the Held strength 
varies semewhat, Byt far the prapertions shown in 
The Figere, the approximation will be pretty goad, 
Tre Flor linkin rhe mner coll /s 
En~ WBN or arly 
e 4, 
Se Bx fle MOT, we > 
& tpg 
heve, COS uts Me 


2] —Curtot I is ihon distibited war The 


ADA = = 


creis-section of the tne conductor, and 


=) refers in oohr cankecter whase thickness 
we naghch 


fw acrch, G=22 rr rh, gao 


yeaa 
Teroy stored = L (ear n £ parry. Vigan 
” afro afez arrar f farfan 


Fy afar i 
IERES ~ Lge) -ur 


28 lg+h$). H te current Ti 
fy rey rapidly, fhe corrent density will nof be 
firm in He mmer cenaivetor Ir the high-brepstncy linif 
rnet is all an rhe sface ab rsa, and L> ln 


ZZ) surface (a) has te sides. Sorties h) has 
ony one side, it is a'Möbivs strip? 
R sortase ET 

one you mist use to calculate 
the Plx thravsh the loop. The 
tus-sided surface for a three- 
turn coil looks like this ——> 
Gor cold be deformed f losk 

| Tee. this), The extension +e 
|W tums. ts ebro 


strength ise eo bc 


force on the upper plate is E"varen, er 
Eare 


BR a i 
Eni ÈE 
Fe ER atatt 
[me time avernze of cosmanft isg, so 
Ra 2 
es 
This cari be expressed in terms of the capacitonce 


| [2.25] Weslecting the inductance and resistance of the 
Pwo rings and the leads, the 
OQ, af oy tim t is Q= Ql artt) G 
since I= a, Z= -arf C shaft. The 
tee rings are in series and this current flaws in 
each heh so that we are jeshbid 
in Comprhing tha Farce between the rings as i 
thy were paral! straight wires, with force per 
unt Angh = aly The lengh is amb, so th 
oh 

force pulling the upper ring down (noh corrints are 
h same direction) isp = trb g or 

= 2zb Fsh" 
a= BE [arfE C, ) sin arft 


Assume 


The Hme-average of sin” an ft 2” 
| Hence the average force /s 
Er bE ECS 

he 


In the capaciter at the left the electric Held 


1s simoy 


M 


* Easily proved trom fact that ST) = aT) and 


Sh” + cos =l. 


charge in the capecitor 


G, which is BG gr a. suksttoti 
PP or fE suttog tors: 


“ot 
rs 


are balanced (which might 
be brought sbat by varying G), me han Fe E 


Co AEKA 


Ac 


When the Forces 


CHAPTER 8 


8.1] For a so-watt, 120-relt both the namal current 
wre fe a OS amp a the 
Filament is R= BP a ago 
aE oe Glas ehin BE beh Tobie 
ET chine MEE 
ry E e Nae 
as Izin TT * RN -ETEF 


OL? e pp -apo Mergi 2415 oms Peactance 
es anf saree 37 


B22- R -E u zow me 
car at 3 7 fo J 


hms 


Te resistance 
We wont ty have 


in serias milh a 


LeS = Lio hen 
Zi 7 


= 2000 ~ 26506 
The aksolota velse of the impedance [2] 
is ble [200a = F320 Ams 
yY 
simpy 
r” i ee 
rms voltga, m this case iao volts: Le Bs 003k anp 


zien "yf 


OTe rms corrent is where Vis the 


(©) The power dissipated in me cirevit is xe 


PLR = (AGa = 2.59 maths 
the resistor will read: 


W A wltmerer connected across 


ys ZR = 
A voltmeter 


Oiola = 72 vols (m) 


connected acress the Capacitor will read: 


Ke ok 

Hf plates are connected as shown and if vertical 

and horreontal deflection sensitivities 
are egual, beam 

SEL mit trace: eliptical 
pattern, in the 
Sense indicabed 


en086r26e0 = qee vets (om) 


(as 4 mar 
+ 


SY he 102 vma 


fa. IS7 prasi 
TF ’ 


alokasi 
+ anan 


ws kaparo wezi 


~ anā 


aA, a 
+ e(—ba aama) m 7? 


tamai 


=— 10 (1 -H4 
Theme T = hor bE 
OU +14) Tea ee 


IZ} is greeter! at resms z i 
I remane, she Z= 7 7 
ae ra ECG) 
ws (Z A resonance, tile 


= UR a jot se! 


IRCA) & 


ETT 


159 ke/ sec [Zang = R= 1000 ohms 


2:4 | For the series RIC cirevit we had Epia 
OY. RA chy 
a * Tat ic 
ln the parallel cirevit with currents 
letine as indicated, and with V 
[timed 45 paritve when the upper 


Q= cv 


Bre is pesitive, we have 
Ren) 


age 
= Ke (Ha 4 
(+ RE) 


this becomes 
ay 4 
ae 
Comparing tris with Eg. 
Pdentical 


ke 
we obrve that the 

š or R'= 
ze kd 
same triat suitian (98.3, 4,6) and 
we gar in piece of (7) annl) 


eguetions are 


using the 
substinoing as h Et é, 


nd of =o 
2 cR 


Te ACaslon ot 49 caret) 


E ve Ae” 


MM tro, V=A 
- ¢ov™ Z ow 


Eos ut 
I+ ACw 
AAt f LACH = 


Lhergy h cirevit 
CA, 


since we are neglecting fems proportional te oÈ 


At t = 


Energy in irait 


1 and pandin m 


expenential , + higher-trder terms. 


HE (1-99) 


envy h tre circu? Is 
LAC ar 
r E 


Hence Trt 
cA = 


Can be written 
N 


The tnirgy dissjecfed im Pe resister i5 y 


since g ana w` 


wwiek, 4 


decrease enersy stored = ZARCO 


= R| A Cal shwt at = 


ea cof o 4a = FRAC 
(the sgh} decrease in I ducing Thi terval, oming 


at | sheti tuth 


h the tatr EŠ can be ignored in computing 
he, Sl WE aainctces HP the e AAAA 
The exact calculetion of the decrease ir stored 03y 
and the dissipction in rhe resister it pastibh, ef 
cers, and must give exact agreement HU mercy 
mire tedious 


said te be 
To 
hr 


B6] vit) = Aet + peet 
The geitral solution in the oyir-dampma case 
verify Pais, rhe solution V= Age 


2 


was 


we try 
“Ve 
R 


The roots of Pars stig equation are! 
EOIR) 
ere read if RoE Notice tat 


Call them B and By 
Ce 158 farad 
£. kos 


2 un 

= ib (I) = enbangus = aseni, 
ee at (1-4) arm 
Pe mitial conditin n Wao af £20, 


are positive. 


L = 17° keveys 


= Pld £ 


2era 0.057 © 
Hence 
The 


[BZ] From EIs, page ası, putting N=, we 
get the inductance ef a singfe-tern toroid 

Le The capacitance at the gap is: 
c= 


w 


T= ACW E“ (sinut tX os wt) 


‘cos wt 


Vea 
a nergy in cirosit 

aat > Cee. 
= pose” Joos at +1calfonutog cont 


PLE (wE + srt ew sls od] 


fre K “at + Rut +1 -komcute dt wS 


m ARE 6 Le (den act + ates sin 2006)] 


Exceed tor the wtillating part of the tator in brakis, tit 
energy decays Upenuntially, To dissipate tre way «t 
piki as possish, we want a te be as large ss 
pussitle. But the limiting value of ot, eppreuhing 
fram Phe undie-damprd side, correas te Re aE 
h that limit, wao and” 
expression abore redvees to CREE CAE 
Look now of The over-damped cace, using Phe resli 
from Problem hb. me found V= AERE 4 BEBE 


pe 


12 


m B= Rl 
za 

Eridiotly the root Bis necessarily les then 

30 There will be a them in Phe envesy ate 
hs rat emwesy decaying, Ike 
E whith will desy more slowly then EEE Hna 
he odamped case exhibits slower decay than mhe 
jeare at critica damping, ar dacs the vnderdamps 

case 4 wis 


TA ee a 
ce ~ ae 
) AS explained ehre, 


-= a 
i 


D- Ea] ai 
1 he approvimation is my gord 


He faton Prguency aifierence 


10] ror te 1ang argh-tem solno B= AE and 


aab = anor Hence Le Y 
ar 


[reting asascm and s/w Yo fir IM magnetron 

PD, we here os = SE Mnyr 
corresponds n'a varela An AES = Pom. (The 

jel device apursten at avost 10 om sspvelena{a.) 

When we te oor Firman fa. estlirote the remat 


seen” 


Preyency at the shape (A), Ne are astiming thar 

Pica fe Sp le field ts 

Q z confined to the imaginary 

cylinder of diameter 2A 

Of coen it ht ~ it prods 
Tre acpual tndectance 19 


magnet 


cut between tre Har sheets 
hine larger than wr firmaa asuma gad the 
metunt Friguency wit be iome whet lower, [h Fact, in 
jae limit agw, the reeant fregsiney ÀI 
gin guie accurately by setting w cpual P 


a guerir- marins? anaw or an ES 


(PrE g 


OL 7 was = pron 


C (erasi) = 


eH) 
xa a diclectric constat 
An © plate Separation 
por C= E=23, plate sparation = 
0.001 Pra 

area reguired m felted ny exists 

23 

width of aluminum t «a tr» Sof em 
Pota! dgfh of dielectric Pape rewired s G38 ~ pas cm 
Arrange ar Palewss 
BBE om = HE In 
WON ip wine 


phrcknest of polyethylene Pipe 0.00264 em, 


bas em” 


Wi equal lengrh of aboninum Pape 


he hole tn contr, diameter of 


wl, d must be suh thet gdo oda .3/ tn 


Honing Por core an which te mnd, overall diami my 
Jemawhat greater. 


LZ Assume heit = 2d (result will dtpind smana] 
on prapsrrions assomed) 


Ç o liter nt cma zagad, ar dz hb om 


area of capacitor = TA 82h + EA”. Ird” 
= 522 on™ on 


C+ Sau ~ 
rey 


830cm 
Aan M 
$20 cm raaior; 


u me capacitance of a sphere 


or abort S4 feet diameter 


+344 
-44 
p=VTga= zigd 


EF = Bo Relo” 
a Gay 


= 2.06410" Stateolls 


= hazed tetelt 
om 


P= 286/59 um 44.8 x8 e 
ie 
= GIE x 10 esu 


which is about six timer the 


Ñ 


| 
jt L actual dipole mament, 1.02% 15" 
28i em —>l E EO. 


By the "center" of a charge distribution we mean the 
Pert With respect te which, as origin, fir par =o 
Considering the positive charges by themeiives 
Conter Wes if (iaeio) Prom the CL mehess 


LRA 07/015 em 


P 
center of nagarive charge distribution, Tatai chanse 
=e, mush We 


distance % such Phot 
sre 


to deft Of center oP + charge by 
UB OX = hozan 
x= tze 


Fo = 0N a18" em 
Bigga” 


QaCVe 25046 w /So0 esu 
P= QS * ISo uje = 2250 soam 


MA Ea 4B. anso 
r = Tor 
= £67 Iò statvotts em 


Bo 0.883 4/0" shendlyem 


constant was ca Ra PIAL P 


A R it 
C u increased by thar 


this implies a 


Beleme Phickness 5 suk that 


or Sa oe aeien 
1000 ohms x ji fradi = 167? sex. 
Cr wren, g~ are’) 


= A010? 


(rapid 


Dem? cere 


GB) pa rari (F19. 91, Water) 

volume = Ag (ol)? = gai? om? — How = lb 
mass 
we 


4158 gm 
A moete = RIT gg PF 


78 


= hatað? 


p= hager?” ap Badri = 246 esu- en 
22. 


Eat ae 


= 049 statrolts/em 


10 cm distance an axis = 


s 
4 at sorta of dop = = BIO shnlikm 


(al) 


(aensity of wate = I gml?) 


(a) Apply Gases’ law Ta sphere 
e enclosed = J. 
charge enclosed > rh ; 
ATE = arg anf) 


of redir ri 


Let g be the vector 
Aaplacement from G to 


Gy. At th pont P 


F] kefe m Seah GH Lp so gives TAL 
at aA 
Polarization of Pre dieleti sphere 


h the limit & >a, this 


becomes The field she 


Pra 


the dielectric yahe zr, 


Ez 


e- (G A) gee 


ho zero h 
an eguipebential, mhich 
sphere. 


“seat 


is correg for a conducting 
pr nimes P- Ia 


Hence pre polarizability X, defmd by p= aks, 


ys jut a3 Por tre conducting sphere of radna 

g= Obh? em" 

Sphere of epua) polarizability 
P 


Cee)? oppi? 
9.10) P= 2S 


Foren, puft 


o, (Tik 9.2) A conducting 


has a radivs 


Fr ed, Pag 


Divele moment oP meter dap 


is B os larga as, or cboot 227% lest "hin, 
oP conduca sphere of Tre same diameter 


reat 


Pr inmid 


Pee limit the Spre becomes 


The ttal field is thus E= B+ 

Br g 

This holds for any point inside bath distributions. 
Mote that =S i The displacement of the puitive 
hye distribution with repect h the negative, so Phat 
the volume polarization is P= ~ps. Therefore, 


= opt. - Jn agreemens ` 
E= Fie -FP agreement with £5.48. 


©) Fer the cylindrical astribotion 


rE = Arr) , or Eaaerp 


nO! geant 
Re anefe 

a eS 

L- fe 

inside a cylinder with 


amps tn 


so we obtain, For the 
oniPerm Pranserse. 


£- -anp 


VB) Flectric Feld E im 
estor i £ 
5 be Z=% 


C =A 99 store 
Ls f negy shred 
ge E e) 


a 
y p 


Ths 1s equwolent to twe r —e leg. 24, m 280) | 


aara Gaah VES 2G G E= 1o wtf = LE stateattsfem, and ar23 

Series, N: Jy r] 2 

fe Sa Yrdeme = (Esaa = ho sot ergs/em? 

Aersity is 1gmfem? this i equivalent to 10° erpil kg 
iligram 

sal ATtomobile sturage battecy might have 

The capacitance oP the combination is es tke this: 12 volls ; 50 ampyt-Awrs 


912 


dz & TY age wacity ; 3° ls mikt Stree | wett-second is one 
eV The energy obteineshe From the batty is 


Vv ne 


i lar £04 300 = 246x70 juls , For a mars 

h as/a2 = 16 kihgroms, or 135000 jpesfkilgram 
Enecgy shred in a Pywheel is simply kinetic 
Way $mU% Fara I ky mass, the eneegy in 


is equi n) o twe jes 15 LY where a soit mun speedin 

This is equivolent to two yr e G AV where v Is a soith edin fh 

Capacitors G and €, in r= 200 m/sec, about bos Ree or don miles/hr, wi han 

parallel " 200%) or 20.000 joules/tiloyram. (We knew Same uhel 

Geet 49 thot Fast — cinsidir the land speed record.) Actually 
z 


speed of a fywhed is, liited only by ibs sttegh, 
the mit torns of fo be idipndet of size. 
Gorder a Alywheel with ity mass concentrated in 


IGV WV Q=GV= SV 


The capacitance of the combination is: 


c= Me QIQ = etle, crasr-section aren A, 


de of material with © 


compute, for a given rim speed V; the tensile [IJA] Process I+ dieedi slab mores into 
Stress in the rim capacitor while plates are connected to 
battery of constant emf V, 


£> mag O GE GV stret 


= (sme dF = Ae neds 

J f Œ) C increases as diekori 
2 oo z K meres inj V remains 

27u 2fAT The tensile stress in the rim is PUTE hte @ orks 


TA or pr If Sis the limiting tensile as charge Flaws From battery, 

strength of the material, in dlynesfem the mirel ©) C=€G, Stored energy 

will be ready h burst mhin wut. A ir nw: Uae ir» Lean 

reasmabh figure for steel is S = Io dynu fm; 3 

with ps Egmiem'. in that case Mncrease in stored enersy £6-VGG 
hegy Arann trom battery = %e(@-Q) = (=I) QV 


Y> = 10" ar Ypy = 84/0 em free 
sete Pe missing energy, E-)GI*— £ e-YGM LENO 


or 60 meters/stc, The kinetic energy stored Ty work done on someting she, namely, whater 
is f@s0') or 60000 jesles/kileyram pas holding fhe slab of dielectric as tt moved into 
(other ollys and materials exist with higher We capacitor. The sign shams that the slab i5 
strangph/ density ratios. But alse, there are batterie Brcktd into the capeciter, sa IF it is te more 
Hat weigh less, per jouk stored, than The convention wifhuit accelerating and acguiring kinetic 
lead strese battery. A kilogram of gasoline yrds PBergy, a steady outward force must be applied 
$x 0” jostes ot energy when burned.) # by anthi agent. 
AS an energy reservoir, The capacitor by Consider & small displacement, 4%, of the slab 
this criterion” appears seme 10° times worse e 
Than a battery or a Flywheel. But The Tego 
capacter can be made to deliver its entire 
energy in a fraction of a microsecond 


4 (b+ ex-x) 
pitera 
4U be the change in stored energy as the 


slab moves inward by Let AW be the werk Here also, slab is sucked into 
done by fre barrey. Then if V i constant pitir, To compote farce consider as 
4Q= Vax =I ad a small displacemint aX? 
ax Ue Ê 2 la uy) 
= als = 4 Qe) = 
burs a(¢cv')= a48) = 


iW ax 
bace Q is constant ct thi valve Qa 
AC ax Hince: 


ax force F. 


Vg dd ax 
ax 
done against force F = Fax = AW-AU 


his case, 


Process I: dielectric slab mores hto 
capacitor efter plates hare been charged 7 
Ve and then disconnected from 


potential difference 
barter, 
rey: ime as 


atice that for given V, the farce is exactly The 


pr Process T, 


Q remains 


C increases 
y mut 


constant at Qu 
decrease 


@ ¢2€G V= 
st desity -2 (yt 
9 l- 


5 
as 
; = LV: 
oe Ue Fave FGM 
— layer of bama charge 
of dinsty t& 
oy Gap E) 


wb) Stared nergy has 
but no work WAS YA 

EA BfL-L)4 8 

= laa? 


C layer of bound charge 


av= £6) 
decressed 


done by battery, obviossly, 0 
S accounted for by werk” dene agains 


tr this case, 
Pris decrease 
+ extemal, 


erie constant of air at 
€ = 1td, where 


capacitor 


G16) let € be the di 
a atmospherle density. 
Then if C, is the capacitance of The 


dai. 


capacitance when the 


h vmwm, (ied) is it 
are full of am. 


hell jac, and hence the capacitor, 
Assuming nothing else cha 
UD AT mref fe dal 

Te 2 

an (Hbdip 2 ooo Mee 

= an (Hh yore 0.00% Mefres) 

preat the uncertaintyto.ter, as a probable 

‘The probable error in rhe aifferince of 

wold be T (90s) 


o, 


Mats 
Mf we 
Phe two measured frequencies 
or about Then 
fa oost 0.03 

3 44 


hoa ba È osor 
effects, that might contribute To the 


o, 008. 


from which 
esir“ 
other 
chong in Preguency t 

m a 
Me 


Some 


thanga in dimunsions of he hele or 

capacitor, or bith, 

G) the ettet it the magnetic sssiptibility 
of air (See Chap 10) on tre inductance of 
phe helix. (this eht mold bx quite smell 


cclually ~ ch tra order of 159) 


GIT) e- 28 Feces 
Work =| Fae = Jd = 3 


soo a 
ma = 39110 ty 24 av 


|r) 


“Re 


Capron. 20° 


Consider the Field line 
that comes m fo The 
sorface of The gahere 
x at a latitude o=us® 
11 agpesrs te makt an 
angle of aporotimately 30° with the 
lradial direction, o 15° with the 2 aus. Tm Hild 
is a spepuition of a wifin feld FS 
ime field of a dipole ot siength pa dP 


and 


she volume pélacization P is gen by ©5 S0, 


age $29: Pa (ELE. Thus p= Eat Sah 
yer’ a (G3) pe kat et 
from E9. oh, or Fig. 959 
ix eshe cuo q 

a as 


rm 
he tatal fjeld, è 
alo afi 


field mtride a dielectric sphere 17 
fun in iy. gag. I it compased of the unitum field 
and the Hild £1, g being the feld of a 

lisha af the center of the phere and 
tre directiin of £. aside the dielectric 
find the initam Field Bi. IF nw 
and vacum are imtechanged, we wovid 
Comparison, something like the Field in. 


6) outside sphere the 
Held is B= Eo tS, 
were £ is Field oP 
inside em Inside 
Fed is unitirm, Ẹ = Ee. 


(a) outside sphere the 
field is Ẹ = s 
where E’ is M 
in vacuum, 
Field is umitim: En 


dielectric 


To Pind the relation between E, p, and E in 
case Ø), me the relation between the 
Inside and wtside Fields at Phe pie and at HK 
equator: 

At the pole 


examine 


24-26 
Ea? 


ana the condition on the pepin- 
dicular field component at a 
dielectric bundery 


4.2 4-75 M 


requires 


the equator: Ez E, +Ê 
At the equator ta 
and phe 

peralle! Field component at a 
Aielectric boundary requires 


4246444 a) 

e r E 

Zliminaiing p fem (U) anna) gives 

or ze 
Ferr 


condition on the 


IF 


Eon 2G = i 
G 


Compering this wilh £3.49 me see tket it 


138 


could have bean obtained From E3 49 merely 
by nplacing © by Le misht have 
guessed this. I that the relative 
Field strengths ond whride, dipend 
only on the Phe dielectric constants 
the phre surcwndiag mediom 


means 
aside 
ratio ef 
and the 
With E, 


go kym and 6 = ad We 
ELENA 
gales 
The Field inside the 
te frid h fre oil. 
strength of the 
der that oP 
result: 


hare 
47 g 


5 723 ki/em 


bubble ts stringer Phan 
Moreover Phe diehstric 
tre bubble ir probably 
oily Lace! iorizatian may 


then the 


be unit vectors in 


ie Be Be oo By 


three coplanar directions defined by 
rhe molecular symmetry, A 


eee) 


causes a polarization 


(z mst be 


parallel to A , if & is by 

Add Ex» AA must 
PxA , mth the 
Any vector in the plane 


EER + EB, s 


bano). Sev, “a 


cause a polarization 


Lume valve of x, 
an de writen at 
tat if seperpasition holds, 

p= eh Gr aGA = «(GAGA 


Hence 


the polarization is poreiki ty the 
iF the Field direction is not along 
yrity axis 


322 Fem en Ex + ey Ey Trancfarmatian of 
components 
Ay = Ayca8 + Aysing 
Ws Edy 
as Ede Ay = -Asino + Ayesa 
= E, (Andie + My dE) + Elp dE, + 0 Ay) i Likewise fer any other 
vhr g 
@ fe" Kent + Bans 
By = -Rain + Byard 
Let B and A be reloted Ineerly as fallout 
B, = MW Art My Ay D 
Ba Ant yA @ 
old the xh being constants, in raleted cevrdinales, the tame 
Second step! With Era Ly, change y fomo te \Wation between A and B will be epresnd by 


starting frum Ezo, chorge E to Eke 

Eist method : 

Fish srp; with Geo, change Fx from o to Fix 
Zao Ms =0 dW Fy My AE 


wire dines [Ww oy fe de, = aE 


Aes 0 AWE Lay hy dE, + Eyyy Ay 


By = yy Ån + yy Ayr 
by & fe mw Ant My Ay © 
Work dene, = Lopty {Ay yj 


545 = My Gy Eny + Ly Eny Gy = ody + yp Ay © 

How must the constants ops efe. be related te oy th. 7 
Total work dene = $% try Enty + £% 5 |T dover thir, un the component transtermatin O), © 
—— and the relations @ and @ 40 express all the 
Second mephid 


efor comporenty in O ard © in terme of Ay and, 
srporents . 
Lest shp: wih Eumo, change E tome h By (O then beemes: s 


2 


second Shep! with Ey Ey, change Ey tram o fe by 


Obviously, me hare mirel interchanged the rohs of ; 
x pai and the result is bund ty be, iF m Se (Artas thy ind) + Oy, Arsht + cog) 
compuind as abo fhis most held for any. Ay, Ay 


Total work dant.» Ly EL + tyn Ey Ex Heey Sr 


finde +h Je + ay Aso And 


wet Ay Then 


May C4 #5 TEETE OD 
The werk. will be the same it ana only iF ting Aymo gwer another epostion 
a, 


Oy ist tey Shem Mic shed O 
y “7 wen sno + pei O 


we the simtterians exustions D and Ò Br y am i, 


{ Scie = Man COM + Oy sit + (olay + Opa ine 008 


my 


ny = yx 


Zx sna B= asina 4y CSB + Oy singora 


A © treated tm phe seme way becomes: 
z © A [22 aa. par of doks avarga te ths SH 
~ ens Ant yy) 08 + Goat Aleen RE E AA fae “pote a Pe 

= yy (aso whys) ey sing Ayen) Coy hermes 


res the egustion aS) 
4 7 Ce 


Pega r»a 


Potting Ay =o f 
nap she + C418 = yy WB gys 


while putting Ay=o ghe te epustion 7 x 

The mé Farce on the pair of charges at the right 

eines wep Bb + ay 0d p es at the 0 
igh a Tee A cat lis Pound from Covlembs law: 

O Fir hy and yy gies RIET ee -£l ; 

TIA -aa erh Kerep 


JEyanding (it J> and (i= E> by the biremviel 


solving @ ond 
wy IMD #8, T Hy SIND tap BB 


ayyom SHO My SOP = apu IPO B =i 3 
rp ® ana @ 
Pranstormation 
Calecting them together 


give the compete prescription for the 
of the comperiats af the Terrier a. 


= -LEÒ 4 higher powers 
EF 


st ey SMB e Ciy + Me) sng uro 


Peery = yc 
+ oy cote = (Syta) 9 Wy the Limit, amo and GA =p, The dik month 


yy! = m FINO 


= bunty) nocna , 


cep tery te -anno Lycee Pa -LE phe minus sign dieas 
a M ra 
SD tap BO Porca A fhe hef, ar attraction 
The sere result is obtoined mere quickly 
«WY Peg D 2a, psh For he Arce om a 
Coen top bE ty (O ae p tn a Meld Le 


oyu = ptysie = Nyy 
dast twa eguatitns show that 


Hh Sy y th 
Ayy = Gre = 

a DnA whi wr this aet : 

An ange o cm always be find which maku thir z A ATENIR 


O = (=ru tnp) Sme caso + oy (30 Save) Far 
A K i Tan 20 a%y (Field a? a dipole on 
Xa = y a= PREN E 
h tæt swe tan a(se¥)= tin ae there are fuc Wy Dioohs oriented hike this T Fii 
diceetions, 90° spart, fir Which Xp = 0 <r 


jo be treated as pairs of che poirt charger 


is abviass thet the net farce a repulsive, for 
distance. beeen unlike cherses Is greater then 


She clistence between like chorget and m alse ot & 
slikt grak 


with respect to the wdretian: 
P 


The net Force on the gears td is: 

w. ge- 

ae (KR) ree l-es e. 

ary ~ 0-38 wae ape a 
This alsa can be computed from ths dipole ek 
directly, h this arrangement, the fidd of 
pre odpol on The eft has, as its x- component 
dn the vicmity of the dipole on the cht, 
Ey = —2Pxe (see £9, mt, pet) 
(ere 
Ros poyad & = 25 

Pr Je 

apr _ pre a 22 den 
P yT E 
in agrement mith the result aby 


fm 
dipols 


(sree gts m tee 


dienn) 2 = 


EA 


Hine fe = 
xe 


Q) For dipeks like this 
Om wey +o compote the farce w 70 


consider erch dipole as computa of 


; 
| 

He y, 7 EE ib 

T e = A e 

The force on B is thin the sum of Four forces, 

Ie dich ME EAA AAE oo He 


arranged 


tmi 


night In one of the arrangements belon: 
Fram result in (b) 


R= YR] R= 


This is Force is 
evidently yp, because Ey 
is negative and is stranger 
at the = end. E, wis 


+e RAG), 1 


Force is 


new, 


op here alw, and 
mest have Same magride 

aS fin preceding arrangement 
have merely been interchanged, 


resultant force 
3/e) 4 
(ea) x 


Pre force on dipole A is eguel and opposite: 


tz] 


Mo work is required te bring ih 


pt”) 


orientation, Par the farce on it is p 


to the path 
bs the Feld 


location of 


horizontal, 


The work required 
From its 
Au 


x rotate p, 


negatirs 
of #he freld) 


in @) 
CA wants” ro point tn the direction 


Torque = 2B oR sine 
a, 
Wirk = f IRP sinods 

f £$ 


Now, with p, Fixed, resolve ih into 


consider these 


components 
ana 
P calevlating the work required te tum 


separately in 


Pa inte its final position: 


ee, 
gino, 
ca Athe 


amt —- jhe 


Work fo cote p vp te e, 


= PPs sho, 


P E E T 
= Apa cose, (1- cos by) 


of werk done 


+702 cass, (-cora) 


Adding yp aff increments 


w= 2A Rice, 4 pesin, 


TF 


8 + Singshna, 420084 -acg cara] 


4) = 3 cwo, cis0,] 


result of Prob. 9.25, 
like ths: oh 


Applying the 


4.26) 


dipoles 


+ Fife 


this 


ond W- -2AP 
Fr 


h array THETT «) 


alculate the 


har positive 
eneryy, clearly, Ta energy per 


dipole, wnich we shall denote by W, suppose the 
re lelt, 


add one more 


assemoled from wp to 
and haw me 

LIA new dipole added 
TTP fea” 


les ready in plece 
This increases the energy of the system by an 


aie ee But so 
oes every subseguent dipole added, Hence the 


jarray har been 
fa certain point, 


energy of this array, per dipole, 


Obviously (c) har the lennst energy. 
whether (a) ar cd) it the 
energy we heve te compare 


alin per 


To decide 
array With the highest 


mph nnn) wilh 


ana 
A hiik arithmetic 


sums h a large number [IF a 
one 


convinces one thet 


afi f+4,--) 
rigirovs prot 
the. integral 


pere rejuired, here is consider 


which is greeter A 


EE A 

$ti on, 
mo mih the Larger quantity f he , bipm 
hm fg mith the Leese patty ft, borg 


dn the series ’ replace erry 


with the term gp. Then 


tif 


But the alterneting series 


>ali-$) = 2-7 


Thes (A) has the highest eneesy- 


F 
a 


at 


[227] er us start with all dipoles pointing Whe 
Fame way: ie pod 7 
>>> >> b> 
We are Geingte tum the numbered dipatts end-fir -en 
storting with I. The fld at numbri, dæ to 
al the otr dipdu is E= 2p(2 +2 +e 
PUT RY tant ) 
The work required h reverse dipole | in This àid 
is ape 
bp + 
F(t ate 


Miks 


The array now like this 


barare 
tre Aelds of no. t ana no.3 cancel 


omr. Hence tre fed at a is 


At number 2, 


leach now 


r---) ana fhe werk dine in 


(Bar 


Horning a 


esa 
arena is 


Similarly 


Thus 


fine the energy associated With the'boundary,” 
Vth ig the difference betwen the entrgy of an 
ray with such a "boundary" and m: wilhouh is 
aw: are. 
TP 
genie has li ai: fae ipanle: 
hen they art Far apart, tar in cresting one boundary 


we, attimehicoly create tus. That is, if we shp the 
Purning-wer routine describes shove after the 1% 
dipole hes been Panid ar, we nave tan dun teries 
SepareltA by à Astane mr, and thi werk dene is 
Morne +, 


Hh, hih is somewhat I Tran 
a The 
TA 


energy asrecieted with A pair of 


bomdariu as 
the work 
original vninterrspted chain. 


clase Payttoae as possiok is jot H, 
re Tun ave one dipsh in the 
gvidutly the egy 
asseciored with a pair of bindas is lower when 
they are close hijene than when 
apart, which implies thet they will Hrd 10 attent 
one ansir. (uch bavndery pairs are father like 


enerron - "hole" pairs.) 


required 
Phy are ter 


eletron ~ positron’, or 


CA 

> S e 

-+fece 
Since the PRIA at dipole > 
is one in turning This dipen throogh 98", anA ib) 
had rere tre AME ergy AS (A) 
consider me direction oF mhe Fiel at 
n The other dipoles inchidihg 2 


EI — 


Tae feld of a has a downward component at bork 
1 and s, This makes these want f Fip dewn. That 
is, fhe configuration (cy is nem one of Slightly 
dower energy. 


is zero in (a), no mark 


Bot now 
dipole 8, due 


cohen Op Es Dye Se 


pine 
Ne 


aa No 
Ginx 
Salve for x. 


T test the formule 


guentity 


we shall see whether the 


(EA) E a constant, Wis 
directly pripor tionol 


Jost as ml joik at 


3.08/09 
SAI3 
329638 

is pretty gath, the lack of 

whe Jast cchimn being only shsatly 
greeter then fe uncertorty data implied 
by me number of signchicant figures given 


oses 
The agreement 
constancy in 

jn the 


B2 © =O) poleristath 


A hes in the dineti 
M will produce a Prid a} B given by 


This will induce in 


Suppose 


E- 28 


a 
aE = BB, which i turn will cause 
field af A 


a dipek moment p 


B A diooh momet 


oS magnitude Pe, 


for maintaining the 
fe = BEE 
Ts re 
a moment 
Aot*p, 
AP 


in Phe direction favorable 
moment pe E af A= 


Ts would induce 


P = 
induced Ñ 
Thur the critical value of x weld appar to 
bee dasi o as © Bor me knw 
ri 2 
thot œ is of order R? shere R is the atomic 
radius Hee the implied condition tor 
‘amplification" Can only be satishi for 
a distance r so smoll as h be of The 
onde sf afornic siete AL Tet distance THE 
ators cannot be Treas 6h a pont dipdle 
If the equations were valid, with wc/r* >/, 
infite polarization, the 


aba 


asumid 


thy mula Imply 
energy gung mur and mere rtgerive mithot 


linth 


see Problem 9.9) 


a= at Assume we hare 


NM Spheres por unit velme. Thin 40giNn is 
3 


the 
volume, or the fraction of wolome, F, occopird. 


volume of the spheres contained in unit 


ame yy see 


CHAPTER 10 


[O.I] The Field strength 

on the axis ir 30 kilogauss 

at the centr of the 

Ut kiligass af the wd, 

according te The description 

on poge 35a. The enuyy 

stored is guen exactly by 

JE” ave oll pece, 

hrcluding hollim care, windings, and space whi'de. Ar 

a rey osh estimate, we might teke Bellis 

aver The whole cylinder occupied by fhe col anA zero 

S $ 
Um g Oem) (120140) = Sail" ergs 

Randing it A: US Gxu jul * 

# pme is sprlied af the rate of 400 kilowatts, 

The time resuired f build yp the field must 


h, m sde of masritude, Grn ahs. cage ste 
ENT Wa 


coil, 


* The true value is 4.8 x10" 
fund by Using the Formulas and tables Br AR 
srductence of multiple layer solenoids in the 
Wordhae Bb Chemistry and Physics? 


[10.2] & = 17000 paves 


GB oo jamin 


eris 
1- Na 1 Ê 


Lt2F sime # is necessarily <I, the 
tF fraction can't blow vp. 
1 L Fr 1h. diameter spheres on 2 in. Conte, 
J Fh Fe ee Gees 2 EME = o0 
(ak P REA TA 


At gK the fie on Ism of O we zerro dys, 
8 3 = 1848, fram whi 
F-m ms JE r= bE F which 


zen" (susceptibility pro 
Med 5 p™ y Ee a) 


1 emt air at utr contoins (A) GIET) pms On 


pad 
= ays 


The retis tf tae abuhte 
Thus The roere 


or zes” 
temperatures 


of MTP shold be 


bility of air 


2gs eit (#2) (2:45:40 10?) = 2.300607 


suse 


10.3) £3 b4, paoa: B= ar EI 
(sen y™ 
zpb, we can meglat b> cimpand re a> 
mA the Armila reducer fo 


Por 

h the doomnatr, 

= 2I 

ae 

Sree TE is the area of the hip, itt 

magat moment om i TEF , | and 
oprestin abe AN 

which is jat th Ald of a dioh on ih a 
Mor. wady, the (or of % 

be expanded i pimes oP pb 


the 


cen be writen 


factor 


Prom which we see that thi fidd will be 
within 1% P the dipi Held iF 2B < 
£ 


wo SE Ib 


p? he solenoid, /et us syppore that it ir equivalent to 
Poit dipole which wold product, 20 em away on its 
xis, a Field strength E eguel to that ab the end of 
Ke solenoid, namely (Poco gauss. This is reasonable 
cause the magnetic Fed configuration near the 
nd of the solenoid and beyond Jooks not rey 

iit Ferent from a dipole Field. On this assomystion, 


18000 = e omu pario cg init * 


h order of magnitude, 


-1 
2 asx gaws 
This is small compared to the 
earth's Held, end if it mere perhetly 
steady cnld nof be noticed. But if 
frequently switched on and off it might cause Yale 


* An exact calculation, Taking into account the 
fuel corrent aistributlon im bre coll, gives tar ihe 
feee moment the valve 62 4107, so the abort 

i pretty geek 


0.5) y AC hen magnat pole 

a B= 0.62 gauss 
SS = 00 km a r, f 79 
MEL) 12 e400 im a ba erate 


rimapa 


For central dipole of 
Mres in ee an 
gr 


A 
T eer. 
ETA. 


SS force me Br 
mo CLAP s Br1d cgs ite 


me 


7 


urrent Z emps flowing in ring of radies r her 
prot momet m= II Hence the efuctorial 


moment 


a dipek 


as forse as Prx/0~ would be 


Ze 0m . 10620) a 6 xp Pamperes 
TE) Ree 

Tapeten, ao ER ELi AAEREN, 
were the source of fhe Hd, the eld werid 
be siminkat ditternd doom thet of e 
dipole , anrr 
a E=] i (rer 

ET EP i 


10.6 Totol chorge A distributed or 
= surface with dinsity © = Qfark? 


V KE 


central 
and the polar Field wold be 


—area of band = ank sino da 


charge h band = dQ 

Ad = g 20K inode = 8 snodo 

Corrent = charge pasting & 
given point, pwr second. /f the gohire rotates ab 
Angulo velocity o3 radiorsfiee, the band i epuivelnt 

h a cme AL, ih euf, of magnivde 
Ar (9 = aQ 
EUR 
The mesnetit moment ef thir current ming is 

dm- y(esn6y” = WAR sha da 

a ae 


sinodo 


Integrating over the sphere fo get the tots! 
magnetic. moment: 


me eE sn% da 
Fe 


AF otan 


LBD mager farce m dph ot mmtm i 
+ r-m4B it m is on the arig 
perant NE 


tf 
a 
Y Ala, m = 78 for 1 gm of material, 

i 4 is the sreitic sucytiblily 


The wore “dene against thir fore 
RENT OE T F 
2 Se Baa ze) 
Thus if one gram of material is moved along the exis 


from a point where the Hild is Bt k priat 
hire the Arda is By, the work dine is X (GB) 


lf 8,” can be 
We 


nghid h comporisin with BY, m 
XR. 


can alte be awit ten in 


have 


Thr tems of the farce 

lp ana ie gradient (dB) et the initial pasitien 
14g 

# 

Substituting the data gictn in the teh for hguid 

orygen: G= ASen dynu, Aer G= (Gxt gauss end 

jg) = 170 gayem, m 
f IEn pt , 


have 


Lo an eyi 


m=- F = #210 dynes 
48) 
Ga) GEJ- 1700 2888 


235° cos units (erpygado) 


(07 10> 


77° cap unit, 
zie 


ipa ajin 


0.96 on? 
tar opiparss 
Field of lqwer dipole at pasition of 


Volume of disk = T xli} x 03 em = 


Magnetic moment: ma Mi = oxe gd 


maT we assume fhe dirk has the dercity 
ot iron, 18 gmp? the weight of the dik in dynes 
is Px 094 « 98o = 7000 dynes. Then the height 
ot which the upper disk will Hast” ls debermined by 
SMe yee hn (Ose 
(at that pusition the dist will be stab vertically, bt 
ins table horizontally) es. 

Since” the height Phar predicted Us mat very large 
compared to the radius oh the disks, Ihe appretimation 
made in trecting the diks as concentrated dipoks i nef 
very good, In fut, each disk is precisely tgeralent to 
a band oP current, as shown tm Fig. 18.22 (e). To 
a very pud approximation, me could treat the band as 
a ring’ of current, and we corla tind the Farce on 

if we could calculate the 
of Pt Field af 


the opper current ring 
horizontal magnetic Pld component By 
tee lower ring. This can be 

done , using thy Bish-Savart ermule, 
98, pasg with the result that 


Ih 
N 
aan 
in terms sf the complete elliptic integrals EW) ana K ie) 
etned by Ex [ie ap 

Cu, fc motna, Geib bobriher, inba 


where Km The integral can be expressed 


t resah, pape 67), 


and the final result fir the farce an the opr ring, 
misch is mal py ist po anI h [3-6 
EIR t pa anl Re 
E ea RE -ak] 


deti write this as Fo EEE). A graph of f 


asa Anchi ot É fy 
je atoka ph the 
right on the mme y 
gmh ore shown fue 
orpeninctions, The 
deste curve comeponk 2| 
Po the dipole approtngtin 
a wel tha presto, 
according te march 


I 


poral) wire 
oral mation, 


amr (gat) “tone 
© e 
Thi dotkA curve wuld be a gud apprerimaten if the 
Current ange mere very chom together: $ emmim 
Than we cold treat them as long 

porallel wires, tor which B= 


G 

For thr canditions given, we see that the correct 
height is haiga, rathi than haao a, as 
given by or dipole approximation: 


[0.11] — — 
m 
= R 
Tae equrvelent current iş & cylindrical current sheath, 


ike a lang selenoid, with a short section missing. The 
[Pissing section has negligiste ef Rat at R, sa the 


Be BM fom ae 


H nnd 


Field there is simply: By = 40M 
errant 


have the same vaje af R if rhe missing 
band were restored. The current density in The 
sheath is J=cM, ence the missing corrent 
emomts te! T= bf = beM. Hs fid atk, 
the center of Pat current ring, wodd be 


20M b 
rs 


Hence the FR» 


Jol 
h 


(0.12) B= 12000 gavss 
‘Accerding to the B-H curve in 

Fig. 10-30, This requires Hohl 
oersteds, The mean ciccumbronce 
noume Lm 


OD dt = NE, or 


teens 


Leith = 2,2 amp 


Wehbe = 
Sorar 


Tar D 
io 


[10.13] From the EH curve on page 403 we Fina 
aF B= 6000 gauss tor H= 63 cersteds £ 
Frum rhe dimensions given, we 

estimate a path ogi In iron 

of 360.0m. h the gap, oF 

Hngh zo cm, Hae = 16000 


fiat = Fon 63 + £0 1600 

23,000 + 320,000 y 
= 393,000 oershed-em = OMT 
(o: 343,000 


Gi 


270,000 ompere tums 


NT 


Te determine phe power required we Srst calculate 
the average /tnath of a tumn in 


te oeil: 
ZL = 300 s 3087 60466 +4/B)30 


= FYS em 


Suppose we have N tums, ineleding beth oppe and Inver 
Tote] criss-nstian acea of capper Ù pega cm 


Ra 


cail. 


Then Pe resistance 15 


wera IR = THE, 
Free 
f= asr ohm-em ond NI = 270000 ampere turns 
2.76 10D porna", 
700 
V given as 
- “Bese a 
ern 


P25 kilwatts 


aon volts. 
206 amperes 


teens a bes pe wil 


Consider the pillbox in Fig, 10.10 and 

kt B very 41 some tinction of 6, 
inclead af being constant, The Pus from the side 
et the bax rs thin a fg rdo- But the Force 


jon the current hg depends in eractly the same way 

around the circle, That Is, since 
Ff Zed = 215 rdo. Hence 
iE 8,918 nat constant 


on Phe average 
il = rao, 


fe resv/t is not changed 


0.15) 


Fp edd, paos: so) 


Mhe Dold strength ar back inside the 
R- Io 


Lt By, be 
solenoid, where 


Mear the eng 


ergs -È 5 
G 
free 


For a of constant svsesphóilily j, The 


g d2 


i prepertinol to BLE, and sil be marimum 
EF ae 4 


where g (eff )=0 


LE 4/48) 
E RIU) 


p. 4 (eff) 


4) 


Locking back at the equation we had bef 
Sguecing, it ts clear that only the positive ret 
of the last equetion is a soliton Eze 
point in question lies just inside the end of fhe slvai. 


2 Volume ~ s? 


Holding p constant, 5 changes 


~§ we 
s> P 


Ex volumi 


over "ntar regin" remains constant 


5 shrinks down, if p is kyt constat. 


h the can of the current lup with magmi 


dpok moment m 


Holding m 


Be voma ~ E 
F 


Hence over "near regin’ remains constant 


r 
[Bar 


bs r siks down, if m ir kept constant: 


LIZ] me Field of the mavetd dipole m is ~A 
ence if the reld is equal ta the ambient fud 


feacth's Aield) ome beot-lengrh L away, it will 


Patten A that mogritudt at a 
ar revshy Wk. For 
about ns 
an airplane could 


Ustance 
200 ft best Davtieal 


Marking 


rats would be 
h this limit, 
searched 
sensitivity “were improved by & 
could be YE as 
is weld reduce by 20% 
guired te 


ihs- 
abort 3 mils wide 
Factor 2, 
Lat times as wide 
The aircraft -hnes 


weep ovt a lane 
f re 
e lane or 
Search & given ocean area. 


(Cniform external 
| fela B im the 

È direction 
Chew) yi 


[0.19] 


components oF the # 
at fhe dipole =p 


Let us caleviate the 


thtal Held, B = B+ 8, 


radial compenent of the 


i gl $ > ; 
= gise + Blceso = m [35eg 1901-88) 


= 3 cosa 


B) = -&cose (she &),» -8. 
phere 


for all reker of o 


Hence B > (28-8) caso om a 


ot radis ra CR)‘, 


Thus no hnes of force can pass thragh thir sphire 
The Field ovts/de the sphere. is Shawn in the Figure 


Bro 


on ous Inside The sphaa, it 
murt Ik sumthing lika thes 

H we repleced the dipok by A 
Miteibotien oP surface current an ||! 
the phere, 50 65 to make the Wo 
Iara! Bed eotate, me Hed NNI 
inside wld be zero. Fira Feld | 
lire ingide could nat end on the surtace 
hare to chn in sima kind ob atp, wholly contain 


and s4 weld 


inside. But n that regian, ikbemg naw empty, we 


must rave fad =o rund any path 


10.29] the case of electric polarization, we learned 
That fhe external field of a uniformly polarized sphere 
fotol dipole moment were con- 
Centrated ot the center This must be frue for the 
| magnetized sphere abe, the externa field 
of a magnetic. dipsle has Phe same Farm as that of an 

Hence fhe field B everywhere outside 
u Hal ah os autos located ape 


k phe seme as iF fhe 


because 


electric dipole 
the sphere 
strtngrh 
NY The compnnts of B are 
|, wbite the 
Spare 


find the Pild inside, we conside the surface current 
the magretizetion is equivalent A layer of thickness 


current 


te wh 
ar is equivalent fe a 
Le cmar (ar 
Hence if the 
has its 


orron the rim 
shown in Pig. nti. 
toil shown in) ot the Figure 
fums ereny apace jin IM t-direchiery by aè, 
eMan in each trn, its fald will be Phe same, inside and 
at, as thet of the magnetiaen sphere, (erco for local 
irregularities at the wires, if the numbir of torns 1s finite), 
[Zertng az so, we git e smeuth surface orent 
distribution of density = cM sme, the 


mith currant 


coment T=cMae u spread af 


width A 
Sins 


Knowing the Field just ovtside 
Pre pohore, at any puitiin 8, 
and krawing the surface 
current density, we can 


compute the field just inside the sphere, at that 
hcatiin, J+ 
Components parallel fo, and normal ta, 
the sphere, tæ B and &, 


to B ma Bis: Bx Bsine +B cuo 


is easier to work with B expressed in 
Phe sertace ef 


Calling their relation 


AR EEE 
Outside the sphere, 


=? 3a + coso — ces 2m cos @ 
= 2 (3.sn'0coro + seto - coro) am 


24 (Isina afa ~asinecd0 + sins) 
05 (33na ea tani) 


m sna 


at rsa, ms gam, 


sphere . 


since we have, just auhide Tre 


(3X Nore Mjcose = 


(Nl 
dust inside the sphere the 
in tami, fanguohil 
by Hy 48 Mc sine 


“faM) sino = 


but the 


Inside: 
Q= msing- ane sine 
7 


ow Bs ~Bmsine 


(These are exactly tre 
components of a vectir in the 
acdicetion, of magnitut Um. Thus 

the fila jat inside the sphere, is a 
Constent velir in the e-dinetion, fall 8. 
But there are ng sources inside the 
Sphere, so we may conchide at ance that 
the Field is mitem thressrat the 
entice volume, rea, with magaitedi 
B= EIH. There fare the field inside 


lark outside Jeeks like this 


The rotating electrically charged sphere considired 
In Problem 10.6 is equivalent to a current dictribufien 
actly like the one me Aare here, To see this, consider 
a bard of vertical height Aè on the 
of the sphere, The aren wf fhe 
aras, anh fir constat 
charge density T ana giren 
angular velocity os, Fhe epuirihint 
current is (constanta A3), asm the 
Lue Face af our oni formy magnetized sphere, m thus 
ljan an interesting addenda to the resolt of Problem 
bt the mognchic field of the rotating charged 
phere is precisely The same, Inside and out, as the 
Wield of a unidermly magnetrecd sphere of apud 
sines we frend 
Tars problem, 


surkece 


surface 


|magnetit moment. In particolar, 


h that Problem, and ih 

a 

the FAIA strong inside the rotating charged phere: 
B= 2 woh, 208 
we 30 FRE 


Setting aR un har, fr 


[10.21] Marwei Equations + — 


TF magnetic. charge eristed, 
the last equation reavia have 
fe be replaced, Gs discussed in 
Set 10.2, by dit B= 40%, 
Where stands tor the 


dwg = any 
airg 


A meth pile wuih be 
accardance mith oer 


density at magnetic. charge 
A positive megnitie charye, tn 
conventions) definition of te direction ob G, 

Magnete charge in motin with velocity X warid 
constipate magnete corrent 
current density 


Let BS be the magme 
B-E, in wach analy re 
LEPE. TH conservation af magnitie charge. would 


Tren be expressed by n “continuity egratiant 


eer 
dir = ~ 2% 
5 oe 
A magattic current will be the sre of an teeter 
FIA, just as an ehctei corrent Ñ the souret of A 

magnetic field, so we must add t the rigat sidt 

OF the Hirst Mimih tguation a tem aK, Its 

not immediately obvios what sign it osght to carey, so 
Meth write the equatiun — curl Ex -12E tak, Take 
the aivergence oP bath sine e ear 


dir url £2 on =£ dir(Hh) t Bake 


Riplace in & by ~2) fem the covinaly agustin, 


ona aie(ZE) by 2 deB = QUT) tun have rhe 


= PRR E(B) =o, 4 Be sp hs 
The avgmenced Maymi 

tpuctions non read 

Q5 magnati chary dusi 

E> maqnehè curret deosity 


condition 


0.22) The blanks are Filled in as Aoffews. 


vs a vecrer in the $ direction, 
oF may aitede L= MYT: 

a new force, ot masnitode 
89h = BRYS ang direction 
punch on Pre particle 
Pha nstontanestt toron 
abet the È axis has the 
magnitude Fa = Freese = 


Boo, 
wanga of Pe ir £.J a 
The average torque is a vector Y of meprihete S420 
and diedi -£ 


The anguler momentum viti [TEORI Nat 


L wil, in the course of time, 
iprecess in the horizontal plant, 
with a precessiin onguler velocity 


mn by K/L. = B 
ap givin by N/b. = EE 


Comparing this with what hagpered mhin the 
orbit war perpindicular to the Field, me observe 
Phat the cate af precessian armod the aeiy tr te 
Same ~ tee £5. 38, p 37S 

As seen by an observer loking 
dann frum high p on the amis 
Tae trajectory of the porticle in TAO 
coors tf mary revolutions mwld 
trace out a picture like Pris 


If 8 is changed Frm E 
fo BrAB, the change im velocity, Av, is Geen 


by Ej ar, p373 re ira] @) 


The magrahic moment oF TRESTI IF 


Solve 0) fr B an BS 


Fewentiater ABa ts (de vdr) 
FIF- FE) 

+ f/ae 
dvs (F -v 


brgrahnsi dne Imes cotit 


Shehfute Ints (2) 
aw, 
F 

Haset ry a constant. Hence the magnete mamit 


Err remains constent 4s 8 i cherged 


Wow diftreatigte fi): av = $ (rab Bar) 
d 


Substitule ints e (rdf Bar) = £7 ir 
dain. BBa) k I 
Bi adr 
EEF 
which means that Br% remains constant as 
B is changed. The flox E through the serbit 
idence the flux enclosed by the 


o. htyratiogi nB + abr = cabat 


as B is changed. 


[0.24] Seen m a frame of reference moving 
oprat with velocity UY , ah the instant depicted 
in the Figure, the pertitle appears +o be meving 
m a hertasntel circle with speed Uy, while 
rae feld strength [Bl i inereasing i magnitude. 
Letn be the initiel orbit radiss and B, the 
itil Field strength. According to the resolts 
of Problem (0.23, r must decrease gradually, 
so as fo keep phe Flex E theough the obit 
constant, while U increases so as t Keep the 
orbital mapatie moment constant In the 
moving frame this incre in V is attribytabe 
to the E induced by fhe changing B. 

in Fhe lab framt homie, there i no E, 
and The magnitude eÉ V must remain constat 
The mmorease tf Me hortrontol velocity compenint 
call it YỌ, I1 compensated by the decrease in 
rhe vertical component Us as the trasetery 
je natiected ints a flatter and flatter spiral. 
That ts, G t Va remains constant. But this 
can only ge on until y is exactly horisental, 
with Yrs Gre Ug and Gao. Then the path 
most Spiral "back down. Given that Yr i 
a constant, the radivs of fhe orbit at Me 
turning bach time must be 


his i the principle of the ‘magathie mirror" 
ar “magnetic bette” used % confine fans in 
lesion experiments, and it it whak keps electrons 
th the Van Allen belt! 


loz The vector potential as gun, ETE; 
correponds 19 a magnere Field: 
2 


B-vxA = |p 
Ay 


yhe) 


But we wanted a field in the -È direction, fa gree 
With Fig 1012. 50-the A gitin ts wrong and a 


correct a F 


Lets wrih oot F ant Y As vectors 


Looking dawn on the mbit ja 
Fig. Ün The sense of avtchon 
18 counterclockwise 


CRAE F dy i" 


ve of 8(2) 28] 


with Bno, VaR , the angola mamentum is 


MEAG = Me GFA Myr? , a vector 
h mha positive È direction, cs it shld be. Afh 
the Pel B os sauttbed on, the speed hes increased 
ey Aes eR Eg. a The change h 
EA (€3.24) ge me 
vector MEY is MEKA or just Marr® 


= (2 Tes 


Thiavactar: rte ti bab ae 


-4 Wye -ICE G 4 
Esma j 


Hence tre vector rx(MU+EA) has remained cons. A4 


eala p 


